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PREFACE 


A XEW Treitiso on Hydraulics is required for more than ono 
reason It is required in order to include the very consider 
able advances Aihich have been made of late jears in 
nearly all branches of the science nd\ances due to such 
investigations as those made by Mons Bazin on Weirs, by 
Jlr Kennedy of the Indian Public Works Department, on 
the Poi\er of Streams to carry Suspended Matter, and bj 
engineers in America on Pipes and Apertures It is also 
required in order to develop and expand the branch of 
Hydraulics a\hich relates to Flow m Open Cliannels In 
this branch there has always been an excessive number of 
matters regarding ■nhicU information lias been obtainable 
only 111 a scattered highly condensed, or otherwise defective 
form or has been altogether non existent* so that although 
they can easily bo reduced to general principles and although 
theyhaao often a direct practical bearing on Ins work tho 
engineer has had to find them out gradually for himself 
Tho above remarks refer chiefly to tho laws and pnn 
ciples of Hydraulics. Not less important is tho matter of 
Co efficients Thovciy laigccrrors(carrymgwitlithcmwastc 
of timo and money when works are designed) m tho co 
efficients giien by tho older writers are now fully admitted 

* Owing to tl esi, causes anl to tie consc<j«cnt want of j portoaity for 
studyiig matters an 1 referring them to underlying jnnciplea fallacies are 
not uncommon Sc\cral are mentioned in the text and one in particular i a 
chap Mi art a 
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1)} engineers and tlio advantage of using modern figures is 
recognised. Much light has been thrown on co efficients bj 
the researches above mentioned and others equally recent 
It has further seemed desirable to have a book which 
besides being a text book should include practical Examples 
and full AVorking Tables 

In the present -volume an attempt is made to deal -with 
the above matters. The book bos been compiled from notes 
which have extended over a long period and embody the 
results of twenty five years’ practical experience and study 
both of observed facts and of current literature It contains 
ft very largo proportion of now matter especially m chapteis 
n i\ M vii, and ix It is hoped that it may be found 
to moot tho rcquiromcnts both of the student and of tho 
engineer 

In ever) branch considci able detail is gone into, but tho 
reader who does not require details will have no difficulty 
ni passing over thorn somo being in small print and some 
forming special articles 

lor kiudl) supplying rcmarl s or information on points 
winch scorned doubtful I beg to thank Mcssis Bazin Stearns 
Kaficr uid Kennedy Professors lliiwiii M ilhams andBovoy, 
and Dr Briglitinorc 

I also thauk Messrs Bivmgtou for Ibo aUewtvow which 
they have given to tho printing and issue of the bool 
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CHAPTER I 

INTIIODUCTION 

Section I— PnEUMisAm BEMAnK*; \nd DrnNmoNi 

1 Hydraulics.— Hydnulica is the science in vhich the flow 
of water, occurring under the conditions onlmanljr net with in 
Engineenng practice, is dealt with Based on the cxict icicnecs 
of hydrostatics and dynamics, it is itself a practical, not an exact, 
science Its principal laws are founded on theory, 1 lit owing 
to imperfections in theoretical knowle<lge, the algebraic formula 
employed to embody these latvs are somewhat imperfect and con 
tain elements which arc empincal, that is, denred from obscnalion 
and not from theory The science of Hydraulics is concerned with 
the discussion of laws, principles, and fonnulT, of such obicned 
phenomena as are connected with them, and of tbcir practical 
application The quantities dealt mth arc gcnerall} Tclocitics 
and discharges, but sometimes they ore pressures or energies It 
is frequently necessary in Hydraulics to refer to particular works 
or machines, but this is done to afford practical illustrations of 
the application of the Ians and pnncipics Descriptions of works 
or machines form part of Hydraulic Engineering and not of 
Hydraulics, and the same remark applies to statistical information 
on subjects such as Bamfall Some description of Hydraulic 
Fieldwork is included in this work for reasons given below 
(chap 11 art 25) The laws governing the power of a stream to 
move solids by rolling or cariying them aro intitnatelj connected 
with the laws of flow and are naturally included 
2 Fluids, Streams, and Channels —A ‘fluid’ is a substance 
which offers no resistance to distortion or change of form Fluids 
are divided into ‘compressible fluids’ or ‘gases,’ such as air, and 
‘incompressible fluids’ or ‘liqmds,’ such as water Perfect fluids 
are not met with, all being more or less ‘viscous,’ that is offering 
some resistance, though it may be lery small, to change of 
iom A ‘stream' is a massof fluid having a general moiementof 
A 
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translation It is generally bounded laterally by solid substances 
which form its ‘channel ’ If the channel completely encloses the 
stream, and is in contact with it all round, as in a pipe running 
full, it IS called a ‘closed channel*, but if the upper surface of the 
stream is ‘ free,’ as in a river or in a pipe running partly full, it is 
an ‘open channel ’ An ‘eddy’ is a portion of fluid hose particles 
ha^ e movements which are irregular and generally more or less 
rotatory, it maybe either stationary or moving inth respect to 
other objects The ‘ axis * of a stream or channel is a line centrally 
situated and parallel to the direction of flow In 
an open channel its exact position need not be fixed 
bub in a pipe it is supposed to pass through the 
centre of gravity of each cross section 

An ‘orifice’ or ‘short tube’ (Pig 1) is a short 
closed channel expanding abruptly, or at least verj 
rapidly, at both its upstream and doM nstream ends 
A short open channel similarly circumstanced 
Pto I (Fig 2) IS called a ‘weir,’ provided the expansions 
are wholly or partly in a xertical direction "When thej are 
wholly lateral it is called a ‘contracted channel ’ All these short 
channels will collectively be 
termed ‘apertures,’ and ‘channel* /"^r— 

will bo used for channels of con r- - - - - \ ^ ' 

sidcrablo length ■ 

The stream issuing from an on j 

fico or pipe is called a ‘jet,’ that 

falling from a weir a ‘sheet’ Except in the case of a jet issuing 
under water a stream bounded by other fluid of the same hind is 


"U 


callcd a * current ’ » 

3 Velocity and Discharge — The direction of the flow of a 
stream is m general parallel to the axis, hut it is not always so at 
each iwdiMdual point If at any point the flow is not parallel to 
the axis the velocity at that point may he resolved into two com 
ponents, one of which is parallel to the axis and the other at right 
angles to it The component parallel to the axis is termed tlio 
‘forward velocitj ’ A ‘ cross section ’ of a stream is a section at 
right angles to the avis The velocities at all points in the cross 
section of a stream arc not equal A curve whoso al scissas 
represent distances along a line in the plane of the cross section 
and whose oulmatcs represent forward velocities is called a 
'vclocitj curve’ The ' discharge ’ of a stream at anj cross 
section IS the volume of water jiassing the cross section in the 
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unit of litne The ‘mean ^elocitj ’ at an) cross section is the 
mean of the different forwanl velocities It is the discharge of 
the stream divided h\ the area of the ero«s section Thus 

r=^or(>=^r (I) 

This IS the first elementary formula of Hydraulics Fxcept uhen 
velocities at individual points arc under consideration, the term 
‘vclocitj*’ 15 generally used instead of ‘mean velocity ’ 

As long as the conditions under which flow takes place at any* 
given cross-section of a stream remain constant, the velocity* and 
discharge arc constant, that is they* arc the same in succeeding 
equal intervals of time In this rase the flow is said to bo 
'steady ’ As soon as the conditions change, the velocity* and dis 
charge usually* change, and the flow is then said to bo unsteady 
Omng to the introduction or abstraction of water by* subsidiary 
channels, leakage, or evaporation, the discharges at successive 
cross sections of a stream may Itc unequal, but the flow may still 
be steady Flow is unsteady only when the discharge varies 
with the time, and not when it merely vanes with the place In 
Hydraulics, flow is always assumed to be steady unless the con 
trary is expressly stated For instance, in tbo statement that 
a rise of surface level gives an increase m velocity, it must be 
understood that this refers to tbo period after the surface has 
risen, and not to that while it is rising In any length of stream 
m which the flow is steady, and in which no water is lost or 
gamed, the discharges at all cross-sections arc equal, or 

( 2 ) 

where Ai, etc , are the areas of the cross sections, and 
etc, the mean velocities In other words, the mean velocity at 
any cross section is inversely as the sectional area 

Section II — Presomena odservfd in Flowing Water 

4 Irregular Character of Motion — In flowing water the free 
surface oscillates, especially in largo and rapid streams The 
oscillation is probably greater near the sides than at the centre 
The motion of the water is also irregular Except under peculiar 
conditions the fluid particles do not move in parallel lines, or 
'streamlines' but their paths continually cross each other, and 
the velocity and direction of motion at any point vary every 
instant The stream is, in fact, a mass of small eddies The 
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irregularities of motion increase mth the roughness of the channel 
and with the velocity of the stream They are especially great 
in open channels Eddies produced at the bed are constantly 
rising to the surface Floats dropped m at one point m quick 
succession move neither along the same paths nor with the same 
velocities In experiments made by Francis, whitewash discharged 
into a stream four inches above the bed came to the surface m 
a length which was equal to ten to thirty times the depth, and 
was less, the rougher the channel The eddies are strongest 
where they originate, namely, at the border of the stream To 
compensate for the upward eddies there must, of course, be down 
ward currents, but they are diffused and hardly noticeable The 
resistance to flow caused by all these irregular movements is enor 
mously greater than that m hieh u ould exist in stream line motion 
Although the velocity and water lea el at any point fluctuate 
every moment as above described, the aacrage aalucs obtained 
m successive periods of time of longer duration are more or less 
constant The velocities obtained at any point m successive 
seconds will, perhaps, a ary by 20 per cent , those obtained in 
successive minutes avill a ary much less, and those in successive 
periods of flao minutes cacti probably scarcely at all The same 
13 true of the direction of the flow For the avater level the 
averages of several observations obtained in periods of a minute 
each avill probably agree very closely A velocity curve obtained 
from a feav obseraations is generally irregular, but one obtained 
from a largo number is regular If the flow is not steady, the 
aacrage aclocities and avatcr levels obtained in successive long 
periods of time may, of course, aarj, but tbej anil exhibit a 
regular change "When aolocity and aaatcrlcacl are spoken of, 
the aacrage aalucs and not the momentary aalucs are meant, and 
this remark applies to the foregoing definition of steady flow 
The discharge at any cross section, if considered m its momentary 
aspect, IS probably never steady The iceeguhaty ol tho raotion 
of aaater renders the theoretical investigation of flow cxtrcmcl) 
difficult, and no complete thcorj lias jet been propounded 

5 Contraction and Expansion — I xcept under an infinite force, 
a bod^ cannot, anthout cither coming to rest or describing a 
curve, change its direction of motion Acting in obedience to 
this laav, avatcr cannot turn Blnrp round a corner herever ana 
sharp salient angle / or 7 (big 3) occurs in a clnnncl, or at t!ic 
entrance of an aperture tho avatcr travelling along tho lines GA, 
Ilh cannot turn sii Idenl) and follow the lines AC, III) It follows 
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the hues AE, BF, m Inch arc curves At A and h tlic radu of the 
cur\ cs may be \ cry small, but the cur% cs doubtless touch the lines 


GA, IIB This phenomenon 
IS known as ‘contraction’ 
The stream contracts from 
AB to EF. If the channel or 
aperture extends far enough, 
the stream expands again 
and fills it at the spaces 
AME, BNF containing 
eddies These have, however, 
little or no forward moie 
ment, and are not part of 
the stream There arc also 


s 



Pw 8 T 


eddies at A' L In a ease of abrupt enlargement (Fig 4) the 
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stream expands gradually, and 
there are eddies in the corners 
Similar phenomena occur at 
abrupt bends, bifurcations, 
and junctions For a closed 
cbanncl or an orifice, Fig 3 
represents any longitudinal 
section For an open channel 
or a weir, it represents a plan 


or a horizontal section, and its lower part — from downwards 


— a vertical section And similarly with Fig 4 Sometimes still 


or ‘dead 'water may replace part of on eddy The term edd} 


will be used to include it 


Section HI — Useful Figures 

6 Weights and Measures — The following table* gnes the 
weight of distilled water fortanous temperatures The weights 
of clear rncr and spring water arc practically the same as the 
abo^c For all ordmarj practical purposes the weight of fresh 
witcr may bo taken to be C2 4 lbs per cubic foot when clear, 
and C2 5 lbs or 1000 ounces when containing sediment ‘Water 
18 compressed by about one twenty thousandth part of its bulk 
bj a pressure of one atmosphere Sea water weighs nl>oiit Ct ll>s 
per cubic foot Water usualli contains a limall <]uantit% of air in 
solution 


hmith • //y*fratiL<9 ebsp. i 
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Temperature 
(Fahrenheit ) 

Pouods per 
Cub c Foot. 

Tt. nperat ire 
(Fahrenhe t) 

Pounds per 
Cnbie Foot 

Te I erature 
(Fahrenhe t) 

Founds per 
Cubic Foot 

32“ 

62 42 

95“ 

62 06 

160’ 

61 01 

35’ 

62 42 

100’ 

62 00 

165° 

GO 90 

39 3’ 

62 424 

105’ 

61 93 

170’ 

60 80 

45’ 

62 42 

110’ 

61 86 

176’ 

60 69 

50’ 

62 41 

115’ 

61 79 

180’ 

60 59 

55 

62 39 

120’ 

61 72 

185’ 

60 4$ 

60’ 

62 37 

125’ 

61 64 

190’ 

60 36 

65’ 

62 34 

130 

61 55 

195’ 

60 25 

70’ 

62 30 

135’ 

Ct 47 

200’ 

60 14 

75’ 

62 26 

140’ 

61 39 

205’ 

GO 02 

80° 

62 22 

145’ 

61 30 

210° 

59 89 

85’ 

62 17 

150’ 

61 20 

212° 

59 84 

90’ 

62 12 

165’ 

61 11 




An Imperial gallon of water contains cubic feet, and ^icighs 
almost exactly 10 lbs A United States gallon is five sixths of an 
Imperial gallon A metre is 3 2809 feet, a cubic metre 35 317 
cubic feet, a kilogram 2 2055 pounds avoirdupois, and a litre 
61 027 cubic inches or 2201 gallons A cubic metre of water 
weighs 1000 kilograms The metric system being that chieflj 
employed on the continent of Europe, these figures may be useful 
m the conversion of figures gi'en in reports of foreign experiments 
or investigations A French inch is 02707 of a metre or 0888 of 
an English foot 

The units employed in this work are the foot, the second, and 
the pound Thus velocities and discharges are in feet or cubic 
feet per second, weights in pounds per cubic foot 

7 Gravity and Air Pressure — The force of gravitj, denoted 
h} g, IS generally assumed to be 32 2, that is, it is supposed to 
increase the v elocity of a falling bodj by 32 2 feet per second, and 
J2g,& quantity very frequently occurring in hydraulics, is then 
8 025 These figures are suitable for Great Britain and Canada, 
but the force of gravitj vanes with the localitj, increasing vnth 
the lititude and decreasing with the height above sea level At 
tbe Equatoi at the sea level g is 32 09, and at the Pole at the 
sea level it is 32 2G The mean values of g and ‘Jig for ordinary 
elevations and for latitudes up to 70* arc 32 10 and 8 02 rcspec 
tircl} These arc suitable for the United States, Indiii, and 
Australia, and arc adopted m this work The>, however, difier b} 
only 12 per cent and 00 per cent respectively from the valuta 
given above, and ordinarily this dificrcnco is of no account what 
ever An increase of elevation of 5000 feet decreases'/ by only 
OlGaml JigU 002 
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Tlic pressure of tlic atmosphere near the scalc^cl i8 about 14 7 
lbs. per pipnre inch, and is equivalent to about 30 inches of 
mcrcurj or 34 feet of water According to the ‘Knghsh system’ 
of computation b\ ‘atmospheres,' one atmosphere is equivalent 
to 29 905 inches of mercury m London at a temperature of 32* 
Fahrenheit The French Rvslcm gives a presure which is greater 
m the ratio of 1 to 9997 For elevations abov c the sea lev cl the 
atmosphenc pressure decreases Up to a height of COOO feet the 
reduction for cverv thousand feet is aliout 5 1b per square inch, 
or 1 inch of mcrcurv , or 1 13 feet of water Abov e COOO feet the 
reduction is less rapid, amounting to 1 9 lbs per square inch in 
rising from 6000 to 11,000 feet 

SfCTION IV — IIl'STORV AND HfMAIIKS 

8 Historical Stimmary —A bistoric.al shctcli of 11} drnulics giv cn 
in the Eneychpadta Jinlanntea^ comprises the names of Cvstclli, 
Torricelli, P.a.«cal, Manottc, Newton, Pitot, Pcrnouilli, D’Alembert, 
Dubiiat, Bossiit, Pron}, E}tclwcin, Mallet, Vici, Ilachcttc, and 
Bidonc To these mav be added Michclotti, D’Aubuisson, Castcl, 
and Borda 

Coming to specific branches of Iljdnmlics and recent penods, 
flow III pipes has been made the subject of experiment and inv csti 
gallon b} AVcisbach, Coulomb, Venlun, Couplet, Darev, Lampe, 
Hagen, PoiseuiIIe, Bc} nolds, South, and Steams, and flovr through 
apertures b} Poncclct, Lcsbros, tVcisbach, Rennie, Blackwell, 
Boilcau, Ellis, Bornemanii, Tliompson, Francis," Unwin, Ftcley and 
Steams,’ Hcrscbel, Stcchcl, Fanning, and Smith * All the chief 
expenments on pipes and apertures have been discussed and sum 
mansed b} Fanning’ and Smith,* Iwth of whom have compiled 
tables of co^fiicients for pipes and apertures Smith’s discussions 
show great care, and his figures and conclusions will be largely 
utilised in this work , but since the publication of bis and Fanning’s 
works further important expenments have been made on weirs by 
Bazin, ^ and on weirs and pipes bj vanous American engineers 

* Encydop<rd\a Br\lann\ea 9tli Edition Article ‘ Hydromechanics ’ 

" Lotcell Hydratilic Experxmenls 

* Transactions o/ the American Socttly oJ'Ctnl htiQineers, \o\ xii 

* Hydraulics 

* Jreatiieon Water Supply Enyineertng 

* Annates des Po its et C/iauss^es Cth Senes, Tomes IG and 19 and 7th 
bcrics, Tomes 2, 7 12, and 15 A sisumi is gnen in LScoulement en 
Ifdiersotr 

^ Transactions of the Amtnean Soetety of Cm/ Engineers, vols xiz., 
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Regarding ^o^v m open chiiincls, extensive observations and 
investigations have been made by Dircy and Bazin * on small 
channels, by Humphreys and Abbott ^ on the Mississippi, and bj 
Cunningham* on large canals Many observations have also been 
mado by German engineers and some by Revj * on the great 
South Amcncan rivers In this branch of Hydraulics the Swiss 
engineers Ganguillet and Kutter hav e analysed most of the chief 
experiments,® including some made by themselves, and arnv ed at 
a senes of coefficients for mean velocity Their writings have 
been translated and commented on by Jackson,® who has framed 
tables of coefficients'^ based on their researches Finally Bazin 
has reviewed the whole subject® and arrived at some fresh co 
ctFicients Investigations have been made by Francis® on rod 
floats, by Stearns on currcnt-mcters, and by Kennedy on the 
silt-transporting power of streams 

9 Remarks — The different branches of Hydraulics arc shown 
by the headings of chapters iii to x of this work In the 
following chapter the whole subject is considered in a general 
manner This enables us to dispose once for all of many points 
which would otherwise have had to be mentioned m more than 
one of the subsequent chapters Moreover, the different branches 
are not alway s divided by such hard and fast lines as might appear , 
there are many points common to two branches, and the preliminary 
consideration of the various branches of the subject m connection 
w ith one another instead of separately w ill be adv antageous 

XXll , XXVI, XXVIU , XXX 11 , XXXIV, XXXV, XXXM, XXXTIU , xl , 

xli , xlu , xliv , xhi , xlvii 

* Pechtrehes Jlt/drauhques 

” report on the Plyaiea and Hydrauhea of the ilxaaiaaippi 1 iier 

* 2 oorhee Ilydranhe Expertmenta 

* llydra^dica of Great 

® A General Forniula for the Uniform Flow of ]\ater Itiiera 
and other Channels Translated by Henog and Trautw me 

* The Xexo Formula for Mean Velocity m Pnera and Cauala 
Translated li\ Jackson 

’ Canal and Culiert Tallea 

* Etude d'une Aouvelle Formuiepour Canaux Efeoutcrli 

* Lowell Jlydraulie Expenmenta 

** Tranaacttoni of the American Society of Cnil 2 nytneera, \i\ xii 

** Minutes of Proeeedinya, Jnalitution of Cinl h yintera vol cxlx 



CHAPTER II 


GENERAL PRINCIPLES AND FORMULAE 
Section I — Fiiisr Piunciples 


1 BernouiUi’B Theorem — Let Fig 6 represent a hocly of still 
water, the openings at / and t being supposed to be closed The 



Miter III the tubes at C, 7> stands at the same Iciel as .•/// The 
‘head’ or ‘hjdrostatic hcad’oicranj point is its depth below the 
plinc AB This phne is sometimes called the 'piano of charge ’ 
The pressure is ns the head If F is the pressure per square foot 
at the depth U, and 7f'’thc weight of one cubic foot of water, then 

P=:JFE or The head If 15 said to Iw that ‘ due to ’ the 

pressure P 

Eacrj particle of water in the reservoir possesses the same degree 
of potential cnerg} Comparing a particle at the depth 11 w ith one 

at the surface, the one possesses energy in Mrtuo of its pressure, 
the other m airtuo of its clcaation 
Let an onficc l>c opencil at Fso that water flows along the pipe 
and let the rcsenoir l»c large, so that the water in it lia* no 
tclociD and the surface Ali is unaltered The pre«'Ure in the 
w \tcr flowing in the pipe is rcduceil, and the water leiels in the 
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tubes fall to A”, L The heights KM, LN arc as the pressures at M 
and X, and they are called the ‘ hj draulic heads ’ or ‘ pressure heads ' 
The tubes are called ‘pressure columns ’ and the line BKL the Imc 
of ‘hydraulic gradient’ Let ^ be the pressuie at J/, ana 1 j, the 

pressure head Then Let Fbe the \eIocity in the pipe at 
-4M vv/ 

il/and let/t„= Then ft* is the ‘aelocitj head ’ It is the height 

through a\ hich a bod) falls under the influence of gra\ it} in an 
unresisting medium m acquiring the velocity F, or the height to 
vhich It could be made to rise by parting with its velocit} Lot 
it be supposed that there are no resistances to the motion of the 
water, so that no energ} is consumed m oacrcoming them Then 
h} the law of the conservation of energ} the total cnerg} of an} 
moving particle of w ator remains as before Whatev er is lo-jt a? 
pressure is gamed as aelocity The head ck lost in pressure is the 
a clocit} head ft* Thus 

h^hp+h, (3) 

or the pressure head added to theaelocit} head is the ludrostatic 
head This equation, due to Bernouilli,^ is the basis of all thco 
rctical h}drauhc formulae It obnousl} applies to an} point in 
the pipe 

It has been seen that the pressure at M is as the height A 1/ 
Assume that the aelocitics at all points in the cross section MO arc 
equal Let If;, and Ht bo the pressure head and a clocit} he id 
at J , then 11=: Uj +7/*, A=s:A;,4'fts 

Hut since the aclocities are equal, tlicrefoio 

II— li, or the change in pressure in passing from M to 7 is the sunt 
as It a\ as w hen there a\ as no flow The pressure head at 7 is KI , and 
the pressure at an} point in the cross section is as its depth below A 
Let OP be a datum line and let /, be the ‘head of cloaation' of 
ana point V al>oa e OP Then ft+A. is constant for all points in the 
s}8tcm, and therefore 

(4) 

a\licre A is constant Tins is Bcniouilhs theorem more full' 
htated The total energ} possessed ba a particle of w itcr is tl t 
sum of the energies due to its pressure a clocita , and clta atioii 
If instead of a pipe we consider an open clianiicl \ Y, the results 
obtained a'lll \>c the same as before If pressure columns wtn 
used the water m them would not rise a1>oac the surf ico \1 At 
i »ch point in the surface the pressure licail is rero and tin. aclocita 

• Tl *• iimi 1 mrll k 1 of j roof ;uat ^nen ii not Ikn ouilh » 1 ut h taiin 
froi i Merrim*ri • /fy/rttuf M clap In 
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head is equal to the hydrostatic he«l If the aelocities at all 
points m a cross section aro assumed to bo equal, the law of change 
of pressure anth depth is the same as before 
Since the arcaJ^Ti is greater than theaelocity is less and 
the pressure greater Thus from K to L there is a nse in the 
hydraulic gradient Similarly, in the open stream there is a nse 
where the sectional area is increasing 
The pressure in a body of flowing iiater can ne\cr be negative, 
as the continuity of the liquid aould be brohen 
2 Loss of Head from Eesislances — Practically a certain amount 
of head K is always expended m oiercoming resistances, due to 
the fnction of the w atcr on its channel and to the internal moa e 


ments of the water, so that the total head diminishes in going along 
the stream in the direction of the flow In other words, the 
pressure head and a clocity head do not together equal the hydro- 
static head The difference is the ‘head lost ' The actual watcr- 
lc\cls would in practice be S, T, and CS, J>T would be the total 
losses of pressure head up to the points //and JV As head is 
lost, the siork which the water is capable of doing m sirtue of its 
clcsation, pressure, and a clocity is diminished If k is the head 
lost by resistance between two cross section*, then 



or the head lost is equal to the fall iii the surface or line of gradient 
less the increase in the velocity head The same is true of the 
open channel The surface would he AZ instead of Ai’ 

3 Atmospheric and other Pressures — Generally a body of 
water is subjected to tho atmospheric pressure The head 


due to this pressure is and this has to be added in onler to 


obtain the total head over any point The case is tho same us if 
the water surface at each point were raised from AD to U^f' b\ i 


But usually — os in the preceding demonstrations — 


the rclatnc heads over two or more points arc considered, the 
pressure of tho atmosphere affects all parts equally and is left out 
of consideration If, however, different jxirtions of the water arc 
subjected to pressures of different intensities caused, sa\, In partly 
exhausted air, by steam, or l»v a vicighted piston, the water surface 
of each portion of the sy stem mu<t l»e considered as King rai<cd 
by a bcigbt , where /’ is the intensity of the sjtecial prc'-iun 


wtmg on It 
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Sectiov II — Flow thhougii Apertures 


4 Defliutionfi —An 'xpcrture is said to be ‘ in a tliin w ill ' m hen 
its upstream edge is sharp (Figs 6 and 7), and the ‘ m xH ’ or structure 
containing the aperture is thin, or is 
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bc\ ellcd or stepped, so that the stream 
after passing the edge springs clear 
and does not touch it again An 
aperture like that shoivn in Fig 1 or 
Fig 2, page 2, may lia\e its upstream 
edge sharp, but it does not come 
within the definition ' A rounded or 
‘bell mouthed’ orifice (Fig 8) is one 
HI nhich the sides arc cuned so that 
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the tangents at c and d arc parallel, and the stream after passing 
f/Z) docs not contract A ncir of analogous shape ma> bo formed 



bj rounding the angle between the top and the 
upstream side or ‘face,' and b) prolonging the side 
walls upstream 

The upstream surface of the nail sin rounding in 
aperture uill be called the ‘margin ’ The margin is 
said to be ‘clear’ when it is free from projections, 
leakages, or anything which would interfere with 
the free flow of water along the wall towanls the 
aperture The clear margin, if not otherwise limited, 
IS bounded bj the sides of the rcscnoir or channel, 
or bj anj other aperture existing in the same wall 
Wicn an aperture has sharp edges an increase in tlio 
clear margin, up to a certain limit, increases the 
degree of contraction '\\ hen this limit 1ms been 
reached the contraction is said to bo ‘complete ’ 

An aperture with sharp edges is ‘normal’ when 
the margin is a plane and the axis of the aptituro 
IS pcrjwndiciiHr to the plane Anj other aperture 
IS noriml when its sides and approaches arc sjm 


j,g j, metneal wath regard to an\ plane (m the case of a 
weir anj sertical plane) thro«t,h the axis For a 
weir It 18 a further condition that tho’erost’ or highest jwrtioii 


must l>c Ptnic^ht and horizontal from one side wall to the other, 
am?, m the case of a s»crr in a thin wall, that the will nnist he 


• I-or ll IS revson tl ec*i rcssion 'nharp e*lg« l/nscsl 1 jr lomemt 
la preference to tl ot 1 one of ' m a thin wall * ii not table 


nl wriUm 
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verticil E^c ^5 aperture is assumc<l to bo normal unless the 
contrary is exprevsij ptatwl 

6 Flow through Orifices —Let 11 bo tho height of the free 
surface (Fig 9) alxiio tho centre of gra\it\ of tho small orifice 
C, /), or and let V bo tho \clocitj of the issuing jet Both 
the jet and the free surface Ali arc supposed to bo subject to 
the atmosphenc pressure The total head oicr tho onfico 

p 

IS and tho pressure in and upon tho issuing jet is P, 




Then from equation 3 (page 10), supposing no head to bo lost in 
o\ ercoming resistances, 

or J^gll . (6) 

All formula! fo r flo w from apertures aro modifications of this 
Thesclocitj •/Jt^/Zio called the ‘theoretical vclocitj'* It is tho 
same as u ould bo acquired bj a liody falling from rest in a vacuum 
through a height U If tho jet issues verticalljr upwards it will, 
in tho abscncQ of all resistance except gruMtj, rise to tho lescl of 
AB Tho \clocity depends onlj on 11 ami not on tho direction in 
which tho jet issues If AGIt is a parabola with axis s crtical and 
parameter 2^, tho theoretical velocities of jets issuing at P, J/, N 
are as the ordinates FG, MK^ Nit Practically owing to resistances 
caused bj friction and mtemal moscmcnts of the water, the 
xclocit} of efilux 13 less than the theoretical \elocity, and is 

given by the formula 

r=c,72^/ (7), 

where c, is a ‘ctH-flicient of velocity ’ whose mean \alue for the 
two kinds of orifices under consideration is about 97 
Instead of assuming tho water m tho reservoir to ha\e no 
appreciable motion, let it bo supposed that it is moving with a 
selocity V directly towards tho orifice This velocitj is called 
‘velocity of approach ’ and the discharge through the onfice is in- 
weasod The ouergy posstssed by tbe water taw, thtoraUcally, 
raise it to a height — or A Tins is called the head due to the 


1 elocity of approach, and it must be added to tho hj drostatic head 
Practically , for reasons which will be gis cn below, a head nh has 
to be added, n being 1 0 or less The formula thus becomes 
V=e, J2y(H+nh) (8) 

If tho fluid moved w ithout resistance, a x clocity v in any direction, 
and not only toward the onfice. could be utilised m increasing the 
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head and the discharge, hut practically the only useful component 
of the velocity is that parallel to the axis of the orifice 

In the case of an orifice in a thin vail (Fig G), the jet attains 
a minimum cross section vhose distance from the edge of 

the orifice is about half the diameter of the orifice, or half the least 
diameter if the orifice is of elongated form This minimum 
seetion is called the ‘ i ena contraeta ’ The ratio of its sectional area 
a to the area a of the orifice is called the ‘ co-efiicient of contrac 
tion,’ and is denoted by thus a The mean value of c, is 

about G3 A vena contraeta occurs vith any kind of orifice 
haMng sharp edges, and r* is probably about the same For a 
bell mouth Ce=l 0 

The discharge of an orifice is 

Q=av~acj^JigH 

Let c*Cb=c Then c is the ‘ co effic ient of discharge ' and 
Q=ac‘j^ (9) 

Or vhen there is aclocity of approach 

QssaC‘J‘ig{U-^nh) . (10) 

The value of c for orifices m thm vails aicragcs about 01, and 
for bell mouthed orifices 97 It does not usually var> muchvith 
the head Generally the lalucs of and c arc not \erygrcatl} 
aficctcd b^ the shape and size of an onficc nor by the amount of 
head Generali) c is better knonn than c, ot c„ and it is also of 
far more importance 

Wien an orifice has a head of voter on both sides it is said to 
be ‘submerged ’ or ‘drowned,’ and //m the formula is the difTcr 
cnco between the two 
beads Thus for an) on 
fico Q or 0 (Fig 9), the 
bead is BfF It has no 
thing to do w ith the actii il 
depth of the orifice below 
All If in orifice is parti) 
submerged it must bo 
dnidtd into two parts and 
only the lowci part treated 
as Btibmerpcd If the 
vatcr lead at V is higher 
iio 9 than at A, as it nn) bo 

when .\l/y IS a stream 
whose sire IS not aor) great rchtncl) to tint of the onficc, the 
Iliad 18 i \ and not i //'* It is the pressure at A niul not at V 

‘ Smltli i //y/rtm/if*, eJap ui 
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that affects the discharge from the orifice The rise from A to V 
IS owing to the stream being m ‘variable flow ’ (art 10) 

"When an orifice is in a horizontal plane, or when it is submerged, 
formula} 7 to 1 0 apply, no matter what the size of the orifice may be 
"When an onfice is m a vertical or inclined plane the theoretical 
lelocity of each horizontal la^er of water is where H is 

the head over that layer When the ^ ertical height between the 
upper and lower edges of the onfice is small compared to the 
head, the mean velocity in the orifice is practically that at its 
centre of gravity If an orifice extends from M to N (Fig 9), its 
centre being X, it is clear that, the curve KR being nearly straight, 
LP is practically the mean of all ordinates from M to N But 
with an orihce i/Z, whose centre is F, the protuberance of the 
cun e UV causes the mean ordiinto to fall short of that at F, and 
a correction has to be applied depending on the shape of the orifice 
and the ratio of Us depth to the head over its centre 

6 Plow over Weirs — Unless the contrary is stated, it will be 
assumed that all weirs have \crtica! sidewalls, such forming in 
practice the aast majontj The remarhs just made regarding the 
protuberance of thecuneapplj o/cr/ien to a wcir LctJ/(Fig 9) 
bo the Iciel of the crest of a wcir Let /!/=// and ASs=~ 
The mean of all the velocities from A to M is represented bj ST ‘ 
Thus the theoretical velocity V is^/ or ^ J Sgll The prac 
tical formula is 

( 11 ) 

where I is the length of the crest, Jl the heail on the crest, and e 
18 a co-cfilcicnt of discharge whoso value for sharp^xlgwl weira 
av crages about 02, and for others v aries greallj according to the 
form of the weir ith incrc.isc of head the co-efficient increases 
111 some cases an<l decreases in others It is not usual to giic a 
separate formula for finding r or to dnidc e into e, and but 
rougblj these arc about the simc for sharp-edged wcira a.s 
for sharp edged orifices If there is velocity of approach the 
formula is 

V=3 (//+«/,)' (1-') 

where n is 1 0 or more, and A, as for orifices i^ -T, r l>cing the 

- ; 

vclocitt of approach 

• F r proof NX- clap, ill art. I** 
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when the A\ater on the downstream side of the weir or ‘tail 


water’ rises above its crest (Fig 

J’ D 
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10), the weir is said to be ‘sub- 
merged ’ or ‘ drowned ’ instead 
of being ‘free ‘ The discharge 
of AB i** found by the ordinary 
weir formula, equations 11 
and 12 The discharge of £G 
IS considered as being that of 
a submerged orifice £0 under 
a head AB, and is found by 
equation 9 or 10 


The same procedure is a 
dopted when a sudden fall occurs m the surface of a stream 


owing, not to a m eir, but to a lateral contraction of the channel 


The length I in equation 11 or 12 and the area <i m equation 
9 or 10 are measured downstream of BE where the contraction 


occurs The question whether the stream expands again at FG 
or continues contracted for an indefinite distance may affect the 
co-efficient to bo used, but does not affect the formulT When 
the fall AB is small compared to LC in the case of a weir, or to 
BK in tho case of a contracted channel, equation 9 or 10 alone 
is often used The tail water loci, which should theoretically bo 
measured at L (see remarks regarding submerged orifices in tho 
preceding article) is measured at M The co efficients for most 
such cases are imperfectly know n, and refinements as to details 
are unnecessary See also article 19 

7 Concerning both Orifices and ‘Weirs — With all kinds of 
apertures small heads arc troublesome, not only because of tho 
difficulty in measuring them exactly, but because complications 
occur, and tho co efficients arc not properly know n 

At a weir the water surface always begins to fall at a point A 
(Fig 11 ) situated a short distance upstream of the weir Hence, 
whatcicr tho crestand end contractions maj bo, there is alwa}8 
surface contraction The angular spaces between tho wall and 
the bed anil sides of the channel are occupied bj eddies Tho fall 
in tho surface begins where tho eddies begin From this jioint 
the section of the stream proper or forward moiiiig water 
diimnisbcs, its aclocitj and momentum increase, and the increased 
surface fall is ncccs»ary to gne tho increased roomenlum (art 10) 

A similar fall occurs upstream of an orifice, though it mn^ oiil} 1 o 
pcrcejitiblo when the orifice is near the surface 
The section where the tddicslicgm will be termed the ‘approach 
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section ’ It 13 hero tint tlio hevl should bo measured and 
the aclocity of approuch obsened or calculated, but when, as 
often happens 
with a weir, and 
gencrallj withan 
onficc, the sur 
face upstream of 
^isncarl) level, 
the head map be 
obsened either 
at A or up 
stream of it It 
must not be ob- 
served down 
stream of A In 

some of the older ^ 

observations on ' 

weirs tbo head 

was measured from D to C instead of from A to Et but the 
coefficients thus obtained arc more aanablc, and it is verj 
difficult in practice to observe the vvatcr lev cl at vv ith accuracy 
The section for velocity of approvch map be shifted either wap 
from AB provided its area is not apprcciablp altered 
The velocitp of approach «, is the discharge, Q, of the aperture 
divudcd bp the area, A, of the approach section If water enters 
a reservoir m such a manner as to cause a defined local current 
towards the aperture, the sectional area of tbo current map be 
estimated or observed, and this area not that of the whole cross 
section of the reservoir, used for determining the velocitp of 
approach If the axis of an aperture is oblique to the direction 
of the approaching w ater the component of the velocitp of the 
latter parallel to the axis of the aperture map be taken to be the 
\e\ociiyof approach Equations S, 10 and 32 cannot be solved 
directlp because, until Q or F is known v and h arc unknown It 
13 impossible to find r bp direct observation in the case of a pro 
posed structure or unless the water is actuallp flowing and even 
then it IS not a convenient process The usual procedure is to 
estimate a value for t, calculate It, solve equation 10 or 12 divide 
bp A, and thus find a corrected value for i If this differs much 
from the value first assumed it can be substituted and Q calculated 
afresh Velocitp of approach has verp little effect vvhen the area 
of the approach section is about fifteen times that of the smallest 
B 




18 


HYDRAULICS 


section of the stream issuing from the aperture, that is for a sharp 
edged aperture nine or ten times the area of the aperture, and for 
a bell mouthed orifice fifteen times the area of the onfice In a v eir 
the height of the aperture is to be considered AE, not EG 
In order that the contraction ma^ be complete the margin must 
be clear for a distance from the aperture extending in all directions 
to about three times the least dimension of the aperture Anj 
further extension has no effect If the ratio of the width of the 
clear margin to the least dimension of the aperture is reduced to 
2 67 and 2 0, the discharge js increased by only about 16 and 50 
per cent respectively, so that practically a ratio of 2 75 is sufficient 
and will be so regarded In a A\cir the length of crest is uoinlly 
the greater dimension and the least dimension is then the head Ah 
and not DC Another condition essential for complete crest con 
traction is that air shall liasc free access to the space under the 
issuing stream In an aperture in a thin wall Mith complete con 
traction air usually has free access unless the tail nater rises a try 
nearly to the crest or lower edge uhen its surging may shut out 
the air In a wcir ivith no end contractions the width of the 
channel, both upstream and downstream of the wcir, is \cry likely, 
the same as the length of the crest, and air imII bo excluded unices 
openings in the sides of the don nstream channel are proMded to 
admit It Any uant of free admission of air causes the sheet of 
uater to bo pressed down by the air abo\c it, the contraction is 
reduced and ^a^lou‘J comjdications may occur It is also ncccs 
sary for complete contraction tint tbo cd{>c5 be peifectly Blni]) 
Any rounding increases tbc discharge 

In Tigs 12 and 13 U CD is 
D the 1 oundary of the miiimnini 
clear margin ncccssiry to gne 
full contraction, supposnic* / / Gil 
to bo an orifcc, hi CL the boun 
f dary supjKisiiig it to be a «cir, 
and FMhG supposing it to 1 c a 
uciruith no end contractions In 
Fig, 13 A//=/ / x20 Tlicntios 
of tbo areas vithin these bound 
nrics to tho«e of the apertures ni c 
? 42 25, 24 3S, and 3 75 in Fif. 12 
and8 29,4 78,an 1 1 75 ml ig 13 
It IS thus char that of tlic two 
conditions namely, hunicitnty of the margiiul area to giso full 
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contnction nnil fufTicicnc} of the nrcA of the npproich fcction to 
pic ft ncglipblc velocity of appraich, one doci not ncccs^Jinl) 
imply the other Tlic tiro tnUteri tntist l>c kept diitiiict An 
clonpvtcd aperture, ripccnlh a ircir, is most likely to hive n high 
vclocili of npproich nnd a iqinrc ftperturo, cspccnll^ an orifice, to 
haic incomplete contraction h.\en when the area of the approach 



rtn. IS 


fcctinn IS Very large, it niaa allow of incomplete contnction in 
a portion of an aperture if una\ mmctncall^ siliiatcil 

The co^flicienta for npcrturcs in thin aralU are known with more 
exactness than for other, hut thcvarc host known for orifices 
arhen the contraction is complete, and for weirs cither when it is 
complete on all three sides or complete at the crest and ahsonl at 
the sides The CO cflicicnt M for aclocitj of approach is not scry 
aecuratel} known lienee aers high aelocitics of approach arc 
ohjcctionahlc arhcrc Q has to he occuratels computed from assumed 
co-cflicients, hut when r is not acrj high, that is, when the area 
A IS more than three times that of the smallest section of the 
issuing stream, Q depends aery littlo on n 
The fall in the surface upstream of an aperture, the rise C/’duc 
to crest contraction in a sharp-edged a\cir, and the effect of a clocit} 
of approach greatly complicate the theoretical discussion of weir 
formula; 


Section III — Flow in Channels 
8 Definitions — The ‘border,’ or *a^et border, A, of a stream 
IS the perimeter of its cross section, omitting in the case of an 
open stream, the surface avjdtb The ‘hydraulic radius,’ A, also 
called m the case of an open sttcam the ‘hydraulic mean depth,’ 
IS the Sectional area A dis ided by the border Thus 11= ^ The 

flow of a stream is ‘uniform’ when the mean \e1ocities at succes 
sire cross sections are equal , that is, avhen the areas of the cross 
sections are equal Otherwise the flow is * vanablc ’ A pipe is 
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nnifo’*m when all its cross-sections are of equal area The /Ion iii 
such a channel must be uniform when it is flowing full An open 
channel is uniform when it has a constant bed slope and a uniform 
cross section The flow in such a channel is uniform when the 
water surface is parallel to the bed, but otherwise it is i amble 
The ‘inclination’ or ‘surface slope’ of an open stream is the ‘fall’ 
or difference between the w ater le\ els at anytuo points dmded 
by the horizontal distance between them The ‘ virtual slope’ or 
‘virtual inclination’ of a pipe is the difference between the leicls 
of two points in the hjdraulic gradient di\idcd by the horizontal 
distance between them 

9 Uniform Flow in Channels — ^\hen a stream flows oicr 
a solid surface the frictional resistance is independent of the 
pressure, and approximately proportional to the area of the 
surface, and to the square of the iclocity Thus if f is the 
resistance for an area of one square foot at a iclocit^ of one foot 
per second the resistance for an area J and a >clocitj T is 
nearly The lalue of / increases with the roughness of 

the surface 

In the case (if a uniform stream open or closed, 14) 
the second term on the right m equation 5 (p ll)>anishes and 
the loss of bead A in a length 
L IS equal to the fall m the 
surface or in the hjdranlic 
gradient In an open stream 
the pressures on the ends 
y/U, LDoi the mass of water 
are equal and the accclent 
ing force is that component of 
Its w eight w hicli acts parallel 
to its a\is or 0;i 

the assumption tint the rt 
6!st inco IS entirely due t » 
friction Ictnccn the stream 
an*l Its channel, the resistance is ipj roximatel) ////'’ Since 
the motion is uniform this is equal to the accclcralii g force or 
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Uut = A and surface sIo]>c of the strcini 
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Then h=^ (13), 

or V==CJIiS (1-1) 

'(There C is a co-efficient In the case of a iiniform pipe the pres 
5ures on the ends have to ho taken into consideration, but the 
resulting equation is the same, S being the hjdraulic gradient EF 
For if P, and P* are the pressures at A and P, the resultant pres 
sure on the mass^CPP, resoUcd panllel to its axis, is ^/(P,— P,) 

or IFA or JFA(h —k) The component of the weight 

parallel to the axis is as before JFAh These two together are 
IFAh Equation 14 is the usual formula for uniform flow in 
streams It is known as the * Chezy ' formula Obt lously the co 
efficient G is greater the smoother the channel The formula for 
the discharge is 

Q=^AC^ (15) 

The theoretical proof just guen tikes no account of the resist 
ances due to the internal motions of the fluid, nor of the facts that 
the velocities at all the different points m the cross section differ 
from one another, that the mean velocity F of the whole is 
greater than the mean ^eloctty t of the portions in contact with 
the border, and that the fnctional resistance may not be exactly 
as F\ nor e>en as v* Practically, it is found that the co-efficient 
0 depends not only on the nature of the channel, but on li and S 
The co-efiicient increases with B, that is, generally with the size 
of the stream It depends also to some extent on S, and perhaps 
on other factors which will be mentioned It increases with S in 
pipes of the sizes met with in practice, and in open streams of 
small hydraulic radius The Talue of C varies generally between 
40 and 120 for earthen channels, and between 80 and ICO for clean 
pipes The chief difficulty with all kinds of channels consists m 
forming a correct estimate of the saluc of C The difficulty is the 
greater because the roughness of a particular channel may be 
altered bj deposits or other changes 

Let an open stream of rectangular cross section ha^ c a depth 
of water B, w idth II , and velocity F Let JF be great relatu ely 
to D, then B is practically equal to D and the fall in a length 
L IS Let other reaches of the same stream hate equal 

lengths, butNndths 2IF, SIF, etc, the longitudinal slopes l)eing 
flatter, so that B is the same in all The selocities will be 
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^ y TT^r ytT 

, etc, and the losses of head will be etc 

The total loss of head m two reaches of widths IF" and 3/r is 
^^(1 + 1) The loss of head in two reaches, each of width 

2fr, avill be + Thus, the loss of head in a reach of 


length 2L and width 2ir is less than half the loss in an equal 
length of the same mean avidth, but in which the width is IF for 
half the length and 3//'^ for the other half If the streams 
compared have circular or semicircular sections the difference is 
still greater Thus, in conveying a given discharge to a gnen 
distance, the advantage as regards fall is on the side of iimfornntj 
in aelocitj 

10 Variable now m Channels — "When the floiv is variable 
the loss of head from resistances is the same as in a uniform 

stream, that is provided the change of section is grachnl 
0 Ji 

and the lengtl L short, so that the velocity and hydraulic radius 
change only a little, say by 10 per cent , F and 7? being their 
mean \alues Then, from equation 5 (p 11) the fall ni the 
surface or hydraulic gradient m the length Z is 


rx 


(1C) 


Mhere and Ft are tho aclocities at the beginning and end 
the length Z Tho equation may be written 


of 


(IT) 

where This is tho equation for aanahlo flow m 

streams It is the same os equation 14 ^sinco 

addition of the quantity which is introdncrd bccuiso of the 
change m the t is tna of the water Tho quantity i>, the square 
of tho means of all the difTcrcnt aelocities in tho cross section It 
ou^ht strictly to bo the mean of tho squares In a case vliicli "as 
worked out, it was found to bo 3 3 per cent in excess But a 
nearly equal error occurs with Ft Tho quantity A, thus represent'^ 
the change of tis t im without appreciable ciror 

If the section of the stream is decreasing, Ft is less than f n 
negatne, and /'is less than it would bo in a uniform stmni wit ' 
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the same ^ alues of R and S Or, V being the same, the fall h m 
the surface, or in the hydraulic gradient, is greater than in a 
uniform stream This is because work is being ‘stored’ in the 
uater as its aelocity increases If the section is increasing V-^ is 
greater than A, is positiae, and V is greater than in a uniform 
stream, or Fbcing the same, A is less ^Vo^k is being ‘restored’ 
by the water There may e\en bo a rise in the surface or line of 
hydraulic gradient instead of a fall 

Consider an) stream AE (Fig 15) in uhich the sectional areas 
A and E are equal and the aelocities therefore equal, and let the 
area D be not more -p 

than 10 per cent T 

greater than C q jr| F ^ •* ^ 

Make C and C* each tt 

equal to C? Evident- 

1 \i. r ^'0 

I) the quantities A, 

for the lengths v4C', CE will be equal, but of opposite signs, and 
the total fall in the surface m ^iC'+CT^ will be the same as if 
the flow were uniform and the section of the strcaui were an 
average between the sections at A and C The same is true 
of the length CC and of CC" It does not matter whether the 
fluctuations in section are duo to changes in the width or m the 
depth, or both The formula therefore applies to a 

variable stream AE if the velocities at both ends of it are equal 
and the fluctuations moderate, but evidently it does not apply any 
the better to a short length of such a stream in which the velocities 
at the ends are not equal Evidently in such, a stream S vanes 
from point to point It is greater as A is less S in the formula 
must he deduced from the total fall 
Now let the fluctuations bo so great that the reaches must he 
subdivided before the equation can bo applied to them Make F 
equal to G The fall in CF-\-GG is the same as in a uniform 
stream of section H The fall in FD-\‘BG is the same as m a 
uniform streim of section A The total fall in CC is the same as 
the sum of the falls m two nmfonu streams of sections 11 and K 


This total fall is (art 9) greater than that in a uniform stream, 
having a section equal to the mean of 11 and K It w ill also be 
seen m section v that if there arc any abrupt changes the falls at 
the contractions arc b) no means counterbalanced by the rises at 
the expansions Thus a \anablc stream is less cfBcient than a 
uniform stream of the same mean section, or in other words, it 
must ha%e a greater total fall in order to carrj the same discharge 
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This and the result armed atm article 9 are malogous to other 
mechanical law Uniformity in speed is best, slight fluctuationa 
are unimportant, hut great, and especially abnipt, fluctuations gne 
reduced efficiency* 

It IS clear that the formula applies to the case hst 

considered if a suitable aalue is guen to C and S is the slope 
deduced from the total fall It ca en applies approximately to a 
stream in which the two end \elocities are not equal, provided the 
length is considerable, so that h, is small rclatiiely to h It 
applies to such a case still more nearly if the laluo assigned to C 
IS such as to take account of the change in the end lelocitv, 
C? being greater than for uniform flow if r" increases and Icsa if it 
decreases It mat not alwavs be easy to say how much C should 
be altered in such a case, but it may still be highly comenient 
to use the formula m generalising regarding such a stream, for 
instance m comparing the discharges for tu o different water lei el» 
or stages of supply in an open stream Thus the formula for 
uniform flow applies either exactly or nearly to avast number of 
cases met uitli m practice in uhich more or less approvimate 
uniformity of flow exists 

11 Concerning both Uniform and Variable Flow — Pipca are 
nearly always of approximately uniform section, and the flow in 
them nearly uniform, but the sections are seldom exactU equal 
Open channels arc sometimes nearly uniform and, if there is iio 
(listurlmig cause, the flow is nearly uniform But in both case-* 
much confusion and error have been caused by applying tlic 
formula for uniform flow tovariallo streams of short lengths or, 
supposing tho short length to be uniform, by carrying the slope 
or by draulic gradient observations into v arnblo reaches 

Owing to a change, for mstance a change of slope, nr of section, 
or a weir, in a uniform open stream, tho w atcr nny bo ‘ headed up 
(Fig 1C) or ‘drawn down’ 
(Fig 17) for a great di^ 
tance, AI , upstrcim of tie 
point of chaiijjC In thC'io 
cases tho surface slope A I 
differs from tho Iwd sloj c 
Mtil tho flow 13 varnhlo 
although tho channel is uniform Heading up is iil o hnowii ns 
‘ aflliix ' or ‘ Kaclv w atcr ’ In all such cases tho water surface //, 
which woull, if tho upstream reach hail contiiuicd without am 
chiiigc, have followed the line JC, has to accomnuxlato il'^clf t * 




rrvri u rri\ciiii-s and rorMiLi 


the (lo«Ti'trc%m le^el it .-f, awl asmniei i enne Mich tint the 
surfico-«!opc changes in the opposite minncr to the scctmnil 
arev Downstream of 
A the flow IS uniform 
In uniform clo««l chin 
ncls the section of the 
stream cannot \an, ami 
if from inv came the 
gradient lead at an} |)Oint is altered, the change of slope runs 
liaclv to the commencement of the pi])o 

In the absence of an\ disturbing eiine, that is vlicti the flnu is 
uniform throughout, it IS obaious from equations 14 and Ki tint 
in an open stream an increase of dnclnrgo is accompamctl In a nso 
of water lea cl and nee rer<»f The same is the case m a larnblo 
stream. In uniform flow m in open stream, the dimensions ami 
slope of the channel being known, the discharge can bo found if 
the water lead is gnen and nee The surface slope is the 

same as the bed slope In airiablo flow the surface slope may lo 
aery difTcrcnt from the bed slope, and it is ncccssar} to knou the 
inter lea els at tuo points m order to nml tlio discharge, or to 
knou the discharge and the uater lead at one point in order to 
find the aratcr lea d at the other point. 

A largo stream, arhether m an ojuin or dosed chnmid, has on 
adaontage oacr a small one both m sectional area and in volocit} 
For as A increases 11 usuall} increases, and with it C If the 
slopes are equal Q is much greater for the larger stream If 
Q IS the same for both, S is mudi less, that is tho loss of head 
18 less, for the larger stream This applies to variable ns avdl 
as to uniform streams A fire hose of diameter 1) is fitted at its 
end avith a tapering ‘ nozzle ’ ovhosc least diameter d is perhaps 
g , 50 that tho velocity of tho issuing jet is nmo times tho velocity 

in the hose If the hose avere made of diameter d tho loss of head 
m It Mould be greatly increased, and more pressure avould lo 
required to drive tho water through it Iho size is limited by 
convenience in handling If part of the hose stretches under 
pressure, so that the floav is variable, there is a gam all tho same 
Again, let Fig 16 represent an imgation distributary avith dts 
charge Q, the bed slope downstream of A being tho same as 
upstream, so that BC is tho water level To supply water to high 
ground ncary/ a dam maybe made, raising the surface to 1 A, 
and enabling a discharge q to be drawn off at A, whereas a small 
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br'inch made for this purpose from B, v, ith a slope such as BA, 
might discharge hardly any water 

The theoretical proof (art 1) regarding the sanation of 
pressure ith depth depended on the assumption that the i elo 
cities at all points in a cross section were equal Though thej are 
not equal, it is found in practice that the law holds good 

12 Eelative Velocities m Cross section — The velocity at an) 
point in a straight uniform stream flowing in a channel i", 
generally speaking, greater the further the point is remoaed fiom 
the border The border retards the motion of the avater next to it, 
and the retardation is thus communicated to the rest of the stream 
In a pipe of square or circular section the aclocity is greatest at 
the axis, and thence decreases gradually to the border In an 
open channel the form of cross section vanes greatly in different 
streams, and the distribution of the aclocities a arics v, ith it The 
distribution of aclocities in the cross section of a aanablc stream, 
proaidcd the section of the channel changes graduall) , is practi 
cally the same as if the floav avere uniform The distnhution 
depends on the fonii of the section, and is not likel) to bo appreci 
ably affected h) the fact that the aa hole aelocit) is sloaal) changing 
In all cases the aclocity changes more rapidly near the border 
(probably a Cl) rapidl) quite close to the border, but ol sera ations 
cannot he made there) and less rapidly loaaards the centre of 
the stream Thus all aclocity ciiracs are conaex doavnstream 
jSothing m this article relates to the aclocities at or near to abrupt 
changes of an) kind 

13 Bends — In floav round a bend the distribution of aclocities 
13 modified, the line of greatest a clocit) being shifted, b) reason 
of the centrifugal force, toaaards the outer side of tho hciul, ami 
all tho aclocities on the outer side being increased vhilo those 
on the inner side arc reduced The loss of head from resistance 
in a bend is greater than in tho same length of straight channel 
The additional resistance is chicfl) caused h) nork dint in 
redistributing the aclocities consequent on the transfer of the 
maximum line from its normal to its iiea\ position, and m the fresh 
redistribution after the bend IS pissed Ihis fresh redistril ution 
cannot l o cfTtctcd instantancousl), so that tho norm d distnl iition 
18 not restored till some distance below the termination of the 
IkuuI Btsides thisc resistances it is prol able that whcrcicr tho 
distribution is al normal, no matter a^hethrr ana redistribution i* 
in actual progrcja or not, the resistance is greater, owing to the 
high ailocitics ric ir the l>onIer on the outer side of the I end 
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For a given ch-innel and gnen ndms of bend the total resist 
ance or loss of head caused by the bend is not proportional to its 
length because, howca er long it may be, the redistribution has to 
be effected only twice If the lower half of a bend is reversed in 
position, thus forming two cutaes, tho loss of head in the whole 
bend is greater than before, because the redistribution of v elocities 
has now to be effected m tho opposite direction, doubling the 
work of this kind done before No abnormal distribution of 
velocities occurs upstream of a bend unless, as m tho case of 
an earthen channel, the section of the stream is also abnormal a 
little upstream of the bend The laws regarding bends, both 
in pipes and open channels, are imperfectly known Recent 
cicperiments on large pipes show that, for a given angle sub- 
tended b} a bend, a small radius of bend is, down to a certain 
limit, preferable to a large radius This is contrary to what has 
hitherto been believed Flow round a 1 end may bo either uniform 
or variable If tho section of the stream is the same as in tho 
straight reaches, the slope of tho surface or gradient must bo 
greater, and there vv ill bo heading up in the upstream reach 

Section IV — Concernino jiotii Aifrtures 
AND ClIAVVFLS 

14 Compansons of different cases — The difference between the 
case of an aperture and that of a channel depends on tho nature 
of the work done It is a difference of degree and not of kind 
In flow through a small ori6ce in tho side of a largo reservoir 
a mass of water which is at rest has a velocity impressed on 
it Tho motive power is tlio pressure of the water duo to tho 
head, and tho work done consists almost cntircl) m imparting 
momentum to the water, fnction and resistance being unimportant 
In uniform flow in a channel a mass of water slides, under tho 
influence of gravity, with a constant velocity The motive power 
13 that component of tho weight of the vvatcr which acts parallel 
to the surface or line of gradient, and tho work done consists in 
overcoming friction and tbo resistance caused b^ internal move 
ments No fresh momentum is irapirted These arc the two 
extreme cases In flow through some kinds of apertures there 
are considerable resistances and in variable fl( w m channels much 
of the viork ma) consist iii the imparting of momentum The 
two extreme cases thus merge one into tho other ' Most cases of 

' Fig fO p 1C ma} be rcg^nletl a case of s anal 
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abrupt changes in channels, dealt with in articles 17 to 21, occupy 
an intermediate position 

Comparing channels or apertures which entirely surround the 
flowing stream mth those which leave the water-surface free, 
it will be found that the latter are far more elastic than the 
former In the case of the pipe OEF (Fig 5, p 9) and the 
orifice C (Fig 9, p 14), if it is desired to double the discharge, it 
IS necessary to quadruple the head or the hydraulic gradient In 
either case a verj great nse in the water level AB is required 
But for a iveir, since Q is roughly as 7/^, m order to double Q 
it IS only necessary to increase 7/ b^ some CO per cent For an 
open channel with ^ ertical sides the discharge — recollecting that G 
increases iMth B — is doubled by increasing the depth about SO 
per cent The above comparisons do not of course take evact 
account of variations in the co efficients For an open channel 
Mith sloping sides the discharging poiier may aary >ery grcatl} 
for a quite moderate change of water level When the changes 
m the conditions governing the flow are slight, so that the 
co efficient is practically unaltered, the changes in the discharge 
are as follows a change of 1 per cent in the head over nn 
orifice or in the slope of a channel changes the discharge 5 per 
cent , a change of 1 per cent in the head on a weir or in the 
sectional area of a stream changes the discharge 1 5 per cent 
A ‘modulo’ is an arrangement by which it is sought to ensure 
a constant discharge of witcr from a fluctuating source of supply 
Generally it is a macluno which automatically alters the size or 
position of an •operturo as tho water lei cl vanes Some modules 
arc imperfect, and in such cases, Iming regard to the preceding 
paragraph, it is clearl} best that the niter to ho delncrcd should 
pass through an orifice or pipe, and the surplus o\cr a woir or 

through an open 
channel In Foote s 
modulo (Fig 18) a 
gate E, regulated at 
intervals b} hand, 
cau'?cs the w atcr lev cl 
in the canal at to l*c 
nearly constant, ami 
higher than at B 
Bj an orifice / 
water flows into the 
tank / /, ami on to Ifit bnneh y//, the suriiliis pas-nrig over a 
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»fir (iU Tl f trpilaiJ 1 i» tf** In ipcr tlir wfir, 1 iit it 

Kfil 1 I*^ impm^ ^ i I \ ♦ ) uTTanpnp It <* palo / tint tfie wnttr 
*■0 il 1 flow <af r It jn«VA I f f iinirr il 

I 'rn if It r vai«-r in ft <i ftl i« It, mj r mlct ron»i»tinp rf nti 
rr'’f< ft fio.1 »i r «]ll n t, if » it nrr^r*!, piic n con'ttnt ili* 
ft trpr if tio tranrt <t»nn»l i> liatle lo nllcml If it m 
rntarpM, it» wat^r Ut ft falls “f t itii* itiP Vcai! ftl itic oultcl it 
ncrratfvl Thf* linil f« h • n a tif^l until llirrc i* a free fill 

IS SpPcUt Ccfldltlcan ftf«Urjt riotr — Thpo n Iition of iratcr, 
at for mtUnff it« tf npirtiurc or llic Am ml of lll•JKl»lct^ miter 
wt-icli It ^o^t4lns t \* m aome ratpr an r'Tcrt c n itie flow A n»e 
in tip imijirrattijt' <f water prolntlt rtti'e* an increase m the 
Oi’ctarpr, wtilp an inrTr\*e in itic *tiij*en Ic<t matter cj»«e», for 
flow in chinnrl*, a dpfTra»e 1 it ii rerm* that appreent le ebanpes 
in the iliieVarpe arc c-»n»ol onir 1 r pmt ebanpri in tbc con 
it tioni an) KaTTrlr cTcn then unln^a tbc rbmnrli or njicrtiirc^ 
arc i«na!l an I tbc trl •citic* a!*o low 

II r Telonlici un«lcr m* inrhe* per aeeom! tbc fnctional rt*i«t 
anec of wmcp flowinp oirr a »olnl it not a* /'* bor iclocitici 
ff one inch per iceotxl and lc»« it i» ticatlr ai /' Ataerj low 
icloatici the nature of fl iw in pipct i* r*icntioIH ilifTcrtni from 
that at onlinarr i clociiici Kor am piven jnpe there is a ecrtun 
'cnttcal iclociti ’ bor Tclocitics lower than thi* the motion is 
m piralltl fllsTncntt, /* lanrt ncarlr as and ns / * nntl increwit 
with the teraperattire of the w-iter "W ith pipes wbo«e diameter 
Was -OS inch or 1 cm, when l»clow tbc crincal selocilv, wna 
found to be trcblc«l os the teinj*emturc rose from 0* to 45 
Ccntipradt ^\ ith larger fwpes some increase occurs hen the 
iclocitt m a pipe nscs to the critical amount, a icrj rapid or 
cicn sudden change occurs, the motion becoming fir«t sinuous 
and then eddrmg Keynoldf, who made inicstigaiions with iciy 
small pipes, concludeil that the entical iclocit^ wis higher the 
smaller the pipe Thnipp* states thit with pipes hiiing i 
hydnulic radius of two inches and more the critic il iclocitj 
increases with the hydraulic tadius, and that there is a similar 
law for open strtams, but no details of his obseriatioiis hue 
been published It is not hiiown how flow through apertures is 
affected, if at all Experiments made by Shaw ’ with i ery* small 
bodies of water— -he used films whose thickness did not exceed jV 
of an inch — tend to show that the water immediately adjoining the 

’ h gtnetnnj voL I’cxii p 831 and Pne ImI CA , vol exhu 

* hnjinttrtng vol !xjr p 00 *ol Ixr p 414 ^ol Ixvn p 2S 
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abrupt changes in channels, dealt with m articles 17 to 21, occupy 
an intermediate position 

Comparing channels or apertures which entirely surround the 
flowing stream with those which leave the water-surface free, 
it will be found that the latter are far more elastic than the 
former In the case of the pipe GEF (Fig 5, p 9) and the 
orifice G (Fig 9, p 14), if it is desired to double the discharge, it 
IS necessary to quadruple the head or the hydraulic gradient In 
either case a very great nse in the water level AB is required 
But for a weir, since Q is roughly as in order to double Q 
it IS only necessary to increase II by some 60 per cent For an 
open channel with \ ertical sides the discharge — recollecting that G 
increases with R — is doubled by increasing the depth about 50 
per cent The above com^nsons do not of course take evaefc 
account of variations m the co efficients For an open channel 
uith sloping sides the discharging power may vary very greatly 
for a quite moderate change of water level "When the changes 
in the conditions governing the flow are slight, so that the 
CO efficient is practically unaltered, the changes m the discharge 
are as follows a change of 1 per cent in the head over an 
orifice or in the slope of a channel changes the discharge 5 per 
cent , a change of 1 per cent m the head on a weir or in the 
sectional area of a stream changes the discharge 1 5 per cent 
A ‘modulo' IS an arrangement by which it is sought to ensure 
a constant discharge of water from a fluctuating source of supply 
Generally it is a machine which automatically alters the size or 
position of an -aperture as the water level varies Some modules 
are imperfect, and m such cases, having regard to the preceding 
paragraph, it is clearly best that the water to be delivered should 
pass through an orifice or pipe, and tho surplus over a woir or 

through an open 
channel In Foote’s 
module (Fig 18) a 
gate E, regulated at 
intervals bj hand} 
causes the w atcr lev el 
in the canal at G to ho 
nearly constant, and 
higher than at B 
By ail orifice I 
water flows into tlie 
tank FA, and on to the branch AB, the surplus passing over a 
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wcir GII The rcguhtion is better the longer the weir, but it 
would be iroproicd b\ so arranpiig the gite / that the uatcr 
would flow o\cr it instead of under it 
F\ cn i( the water in a canal is stcatlj , an outlet consisting of nu 
onficc of fixed size will not, if submerged, giic a constant dis 
charge if the branch channel is liable to be altered If it is 
enlarged, its water lead falls, and thus the head at the outlet is 
increased The limit is not reached until there is a free fall 
15 Special Conditions affecting Tlow — The condition of water, 
as for instance its temperature or the amount of suspended matter 
which It contains has m some eases an effect on the flow A rise 
in the temperature of water probabli causes an increase in the 
discharge, while an increase m the suspended matter causes for 
flow in channels, a decrease , but it seems that apprecnblc changes 
in the discharge arc caused only by great changes in the con 
ditions, and scarcely even then unless the channels or apertures 
are small and the aelocitics also low 
For velocities under six inches per second the fnctional resist- 
ance of avatcr flowing oaer a solid is not as V* lor aelocities 
of one inch per second and less it is nearly as V At aery low 
aelocitics the nature of flow in pipes is essentially different from 
that at ordinary aelocitics For any given pipe there is a certain 
‘critical aclocity * For velocities lower than this the motion is 
in parallel filaments, f'‘aancs nearly as S and as K* and increases 
anth the temperature of the avatcr With pipes avhose diameter 
avas 03 inch or less, V, when below the critical aelocity, avas 
found to be trebled ns the temperature rose from 0* to 45' 
Centigrade With larger pipes some increase occurs "W hen the 
aelocit} in a pipe nses to the critical amount, a aery rapid or 
even sudden change occurs, the motion becoming first sinuous 
and then eddying Reynolds, who made investigations avith very 
small pipes, concluded that the critical velocity was higher the 
smaller the pipe Thrupp* states that with pipes hanng a 
hydraulic radius of two inches and more the cnticil aelocit) 
increases with the hydraulic cadius, and that there is a similar 
law for open streams, hut no details of his obseraations haae 
been published It is not known how flow through apertures is 
affected, if at all Experiments made by Shaw “ wnth i ery small 
bodies of water — he used films whose thickness did not exceed jV 
of an inch — tend to show that the water immediately adjoining the 
* E Q\ntenng voL Ixxu p 831 and Jfiit Proc Inst C h 'ol czlni 
^ Eng nttnng, vo\ Ixiy p 00 aoI Ixv p 414 \ol Ixvu p 2S 
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channel moves in parallel lines, and that in going further away 
from the border sinuous or eddying motion takes place sudden!) 

16 Remarks — The solution of a numerical question in 
Hydraulics by means of formulm may be either direct or indirect 

hen the conditions are given and the discharge, say, is to he 
found, it IS onij necessary to look out the proper co efficient and 
apply the formula But frequently the problem is inverted and 
consists in finding a suitable set of conditions to give a particular 
result This is espcaally the case when channels or structures 
have to be designed In many cases a direct solution cannot be 
obtained by inverting the formula, either because its form is 
unsuitable — an instance of this has been given in article 7 — or 
because the coefficients are not known until the conditions are 
determined It is often necessary to obtain an indirect solution 
by assuming a certain set of conditions, calculating the discharge 
or other quantity sought, and, if it is not what is desired, making 
alterations in the assumed conditions and calculating afresh In 
order to facilitate calculations which would otherwise become v orj 
tedious, numerous working tables are given By their use w ork 
IB vastly reduced 

Both in apertures and channels the co efficients in the formuloj 
vary more or less as above stated Various attempts hav e been 
made to modify the formulie (putting for instance II”', li", S'", 
instead of II'', S'') in such a way as to make the co-cfficicnt 
constant Such formulas either have a restricted range or else 
the functions of H, H, and S involved are very inconvenient It 
IS far better to adhere to the simple indices in common use and 
to accept the variations in the co efficients 

Although for discharge computation one should avoid complex 
conditions such as incomplete contraction, small heads, high velo- 
city of approach or variability of flow, y et in practice an engineer 
IS frequently compelled toaeeeptsuch eonditions, and some atten 
tion wall be given to methods of dealing with them 

In many of the more complicated cases (such as some considered 
in the following section and in chap viii)itraay be difficult to 
arrive at any exact results by calculation but it may still be most 
useful to recognise the existence of the phenomena referred to 
and to take note of thoir general effects 
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Srcnov V — Aimirr Avn oxiirii Cirwors is \ Ciiasstl 

17 Abrort ChainfCi — \nr chnnpc in i channel whether of 
fectinnal nm or <hrreti n, nnd whether or not there is n biftir 
rsljoj) or junctjnn, which tn *o Midden *»i to rui»e eontnetion 
or eddies i« cille*! m il mpi ch%npc At an ahnijit change the 
fr»l term on the right m cqmtion 3 (|» 11) is omittc<l It 
would be small l*ec.aii«c of the atnill length of stream considered, 
and owing to the stream Wing Irounded jurth h\ eddies and 
changing rapi Ih in form, it would W diOicHU to a.«sipi aaliics 
to the quantities I and C The second term onh is ij«c<l Tims 
the formulT arc analogous to, or identical snth, lho«e for nper 
turcs In fact almipt changes include submerged weirs and (in 
certain rc*pccts which will be specnlli noieil) other apertures 

At al nij t changes there are s]iccia! losses of head, owing to 
worb Wing cr]*cndcsl on cddic* The length am! aiolencc of the 
eddies at an enlargement arc much greater than at a correspond 
ing contraction (higi 3 am! 4, jv 5) ami the loss of head is 
consequently much gr^atcr At a contraction the pressure at 
J\, L is slightly greater, and m the ca«c of an ojxin stream the 
sratcrlcscl slightly biplicr than m the flowing stream These 
remarks nj pl.t also to orifices and w-cirs mlb which there is 
aclocity of approach At an expansion the conditions arc the 
rcicrse The loss of bead at an abrupt change of any kind is 
most important arhen the \cIocit} is high , it can seldom be calcu 
latcd with exactness, nn*l often can onh be roUp.lil) estimated 

18 Abrupt Ealarsement — At an nbnijit enlargement (tig 1) 

the lo«s of head due to tlic enlargement can be found thcorcticnll) 
b\ assuming tint the intensity of pressure on A T, J'’D is the same 
as at A V I et J'„ A„ bo the aclociU and sectional area at AJ , 
Pi the pressure on its centre of gnait^, and Ai Pi, similar 
quantities at A/ The force /’i) causes the \clocitj to be 

reduced from P\ to /-'i In a short time, f, tie ITuid ^IhFL coracs 
to A Since tbc momentum of A FPL is unchanged the 

change of momentum iii the whole mass is the difTtrence betuten 
that of ABF A and that of EFFh , and that is 



uhere TT is the ueight of a cubic foot of uatcr and Q is the 
discharge per second This ebango of momentum is equal to tbc 
impulse Ai{Pt‘~Pi) i, therefore 
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2> p 

But — I^p — IS the f^ll h in the surface or line of gradient, there 


fore from equation 5 (p 11) 


A+- 




(18) 


2g ’ 

subtracting the preceding equation from this 

. ^ -2r,r,+2r iF,~v,y 

^9 ^9 

or the loss of head is the head due to the relative velocity of the 
two streams In order to simplify the calculation it has been 
assumed that the stream flows honzontally, that is that the 
centres of gravity of the sections uiL, EF are at one level but 
the loss of head due to the enlargement is the same m any case 
The pressure m the eddy has been found to be really less than in 
the jet, 60 that the assumption made is incorrect , and the formula 
has been found in practice to give incorrect results for small 
pressures and velocities, but for other cases it is fairly accurate 
Equation 18 is of the same form as the equation gnmg the loss 
by shock, in a case of impact of inelastic solid bodies, and the loss 
of head due to an abrupt enlargement is often called ‘ loss by shocb 
though there is not reall) any shock, the stream alwa} s expanding 
gradually 

If there were no loss of head m the length AE there would be 


a use of 
pipe the 

S'? ’ 

mately 


loss of 


in the surface or h}draulic 


head 


radient In a 
IS alwajs much less than 


and there is actuallj a rise whose amount is approM 




(ISA) 


This proof IS usually given onl^ fora pipe but it clearl} applies 
to an open stream if there is no nsc in the surface If there is a 
rise the pressure on the wave Q1 , supposingrig 4 to be avcrticil 
section, is not P but (the atmospheric pressure) and the loss 

of head is greater th iii Morcoi cr, the section usuall} 

-0 

chan^^cs not onl^ in sue but in foiin md the rtdistnbiition of 
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the •lelocitieg absorbs more work The rise m the ^\ater level 
IS thus gcnerall) slight, and it cannot usually bo calculated 
accuratelj 

"WTieu an enlargement is immediately succeeded by a con 
traction so as to cause a deep recess the a\atcr m the recess has 
little or no forward motion, and the flow is practically the same as 
if the recess did not exist 

19 Abrupt Contraction — At an abrupt contraction m a pipe 
(Fig 3) it 13 necessary, if exact results are required, to calculate 
the sectional area at the vena contmeta ^^and find the aelocity 
at that section Then, being the velocity at STf the fall in 


the hydraulic gradient, due to increase in the velocity head from 


ST to EF, 13 


-17 


, but some head is lost owing to friction 


and to the eddies at A”, L The expansion of the stream from 
hF to MN causes loss of bead, which may be calculated as ex 
plained m the preceding article The case of an open stream is 
analogous, but the whole fall duo to loss of head and increase of 
velocity head is considered together (art 6) and equation 10 (p U) 
18 used 

A particular case of abrupt contraction occurs when a stream 
issues from a reservoir There is a fall m the surface or hydraulic 
gradient Most likely the velocity of approach is negligible If 
so the fall, in the case of a pipe can bo calculated without finding 
the area (chap v art I), and, if not the above procedure can 
be adopted For an open stream equation 10 is to be used 

At a local contraction the channel contracts and expands 
again, but not necessarily to the same size For an open channel 
equation 10 is used For a pipe there are vanous empirical formulas 

V* 

for local narrowings, all invoh ing tbo factor -jj- (chap v art 6) 


20 Abrupt Bends, Bifurcations, and Junctions 
— An abrupt bend (Fig 19) is called an ‘elbow 
The contraction causes a local naTTov^^ng of the 
stream It has been found in small pipes that, with 
an elbow of 90*, the bead lost is very nearly 



Judging from analogy and from observation it is probable that this 
is nearly true for anj pipe and also for an open stream For elbows 
of other angles the rclativ c loss of head is know n for small pipes 
(chap V art G) and it maj bt assumed that for other channels it 
13 roughl) the same 
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At a Ijifurcation (Figs 20 and 21) the stream entering the 
branch may be regarded as flowing round a bend whose outer 

boundary is shown by 

^ ~ " the dotted lines In the 

^ p* main channel below the 

pjjj „u branch there is an en 

largcment (art 18) Let 
B bo the angle made by the centre lines of 
the branch and of the main channel upstream of it AMicn 
B IS 90° or thereabouts the whole head due to the velocity is 
lost, and there is a fall in the surface or hydraulic gradient 
of the branch of about the same amount as there would be 
if it issued from a reservoir But if F is high the absence of 
contraction at^ does not compensate for the excessne contraction 
at ]j, and the fall is increased, or the discharge of the branch 
diminished When 6 exceeds 90“ the component of F resolved 
parallel to the axis of the branch may bo regarded as velocity of 
approach, the discharge being increased accordingly It is not 
know n for what angle the velocity of approach compensates for 
the greater contraction as compared with that in the case of a 
roservbir The angle differs with the volocitj and probably with 
the width of the branch, and is perhaps generallj not much 

greater than 90* By 

the arrangement shown 
in Figs 22 and 23, the 
losses of head both in the 
Fio branch and in the mam 

stream arc reduced and 

that in the branch is not relatively altered by a high velocitj 

the branch is ‘bell 

mouthed’ (Tigs 24 
and 25) the loss of 
head m it is some 
what reduced, and 
it 13 further re 
duced by filling in 

the portions shown in dotted hues, thus doing away with eddies 
Figs 20 to 25 represent junctions if tho stream is supposed to 
flow in the directions opposite to those of the arrows The losses 
of head arc aerj much tho same as in the corresponding cases of 
bifurcations 

21 Concerning all Abrupt Changes — The ‘ liniits ’ of an abrupt 


If 
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change ire lho«e of the pccuJnr local flow caused by jt The 
upstream limit ii, in Iig 4, at ./ 7*”, in hig 3, just as with a weir 
and cenam kinds of onficcs (art 7), at Sr. In the other cases it 
IS where the c<ldMng or cunaturo begins In all eases eddies 
cn*! in the stream it<elf for some distance downstream of an 
abrupt ehangc The downstream limit is where these eddies ha\o 
become reduced Thej may not cease altogether for a long 
di*Lancc 

In the reach downstream of an abrupt change the flow, except 
for eddying and proliablj disturbance of the relation to one 
another of the aanous aclocitics in the cross section, is normal, 
an 1 the water surface or hjdraiilic gradient takes the let cl suited 
to the discharge just os if no abrupt change existed ithin the 
limits of the abnipt change there occurs the fall or nso discussed 
in the three preceding articles Thus the level of the surface or 
hi draulic gradient at the downstream limit of the abnipt change 
governs that at the upstream limit, and this again affects the slope 
in the upstream reach in the manner indicated aboio (art 11) 
Hut the distnlmtion of the aclocittes m the upstream reach is 
normal There is nothing to affect it until the abrupt change 
aetuallv begins (Cf aI<o Bends, art 13) Thus, at all changes, 
whether of sectional area or direction of flow, and whether strictly 
abrupt or not, the effect on the hjdrauhc gradient or slope 
is wholli upstream, but eddies and disturbance of the aelocit} 
relations arc whollj downstream 

It follows that discharge obseraations m which the mean 
velocity of the whole stream is to be deduced from observations 
taken, say, in the centre onij, should not be made within a con 
sidcrable distance downstream of an abrupt change, but maj be 
made a short distance upstream of it 

Anj alteration w hicb makes a change less abrupt reduces the 
loss of bead This has been seen in considering bends, elbows, 
and bifurcations Regarding changes of section an instance would 
be the rounding of the edges of the weir in Fig 10 But mall 
cases, if the eddies are replaced solid matter, the flow is aery 
much as before Though rounding is caused, the size of the 
aperture is reduced The fnction on the solid is added, but the 
maintenance of the eddy is subtracted herea er eddies are 
referred to the term may be considered to applj also to a solid of 
the form of the eddj 
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Sectiov VI — Movemett of Solids bv a Stream 

22 Definitions — "When flowing water transports solid sub 
stances by carrying them in suspension, they arc known as ‘silt,’ 
when b} rolling them along the channel they are termed ‘dnft’ 
The weight of silt present in each cubic foot of water is called the 
‘charge’ of silt Silt consists chiefly of claj, mud, and fine sand, 
drift, of sand, gravel, shingle, and boulders When a stream 
obtains material by eroding its channel, it is said to * scour ’ 
When it deposits material in its channel, it is said to ‘silt ' Both 
terms are used irrespective of whether the material is silt or dnft 
The difference between silt and drift is one of degree and not of 
kind Material of one kind may be rolled and earned alternatel) 

23 General Laws — If a number of bodies have similar shapes, 
and if B is the diameter of one of them and V the \clocity of the 
water rclatnely to it, the supporting or rolling force is thcorcti 
cally as l^B^, and the resisting force or weight as D* If these 
arc ]ust bahneed Z)^a^les as F'. or the diameters of similar!) 
shaped bodies which can }ust be supported or rolled are as F and 
thoir weights as F From practical obser\ation8, it seems that 
tne diameters do not vary quite so rapidly as they would by the 
above hw, the weights being more nearly as P. 

If a stream has power to scour any particular matcrnl from its 
channel, it has power to transport it, but the converse is not always 
true If the material is bard and compact the stream may ha^o 
far more difficulty in eroding it than m retaining it 

It has long been known that the scouring and transporting 
power of a stream increases with its velocity Recent observations 
made by Kennedy have shown that its power to carry silt decreases 
as the depth of aiatcr increa'^es^ The power is probably derived 
from the eddies which are produced at the bed Every suspended 
particle tends to sink, if its speafio gravity is greatci than unity 
It is prevented from sinking by the upward components of the 
eddies If V is the aclocit^ of the stream and B its depth, the 
force cxcrtcil b) the eddies gencratcil on one square foot of the 
bed IS greater as the aclocit} is greater, and is, mj, as F" But, 
gi\cn the .a\erage charge of silt, thcwciglit of silt in nacrtical 
column of water whoso base is one square foot is as Z? Therefore 
the power of a stream to support silt is as F" (say as P) nnd 
iiucrselj as J) 

The ])Owor of water to ino\c dnft is probalil) as ami the 
‘ Mm Proc In*l Cl , cxix 



<r\r^.vt mvtxrtrv \m» >vnMiix ?? 

d r"'. it lx ^3l« l>e\ 1 »Ai 1 tV\t UKrv^«^^^ 

,1^ V g-rr< •*x'^*-n4 p* we', \\ai*i it the iiu 

p'r^'^iT tct t'-ii i« not ►v The in r\i*ixl pn**\nv due to dij»»h 
act« n t'o’b t'''* i jOt'ian a’»d d 'wn«tn in «j 1« < of a N'llj It n 
Ts-irrii onlr 1 r t'r p'r»«urv due to lhe\ilc\it> It i<»»n>ov^dle 
to co'’«tn.ct an r>jv.\tJ i wbieh >hall inchide Ivth »U’«jh'iu1»xI and 
mllmc natter, l>cr-\u»r the pniportioii* in wliuli the\ ixi't au tiot 
knowTi. 

U \i »^-nctinn Mipj-o'cil iVint tin inclmntiiMi o! ttie Un\ 1 1 a 
Ftrran when hish, facilitnti^ ►cour, the nnlind tvllinjj tm>u 
ca5ilr down a »tcop inclmcil plane Tin iiicliiMtim M iieaih 
alwai* too fmall to ha\c an> nppreciaWe thnat clTicl on the ivlhn^* 
fo'ce In fact the IkhI la prnoralh more or le** muhdatiii^*, and 
the drift tna) l>c rnoring ittlirr uphill or don nhill 'Itio iiiiluiatton 
of the Furfacc of the i«trram of coune nlFicta ila mIochi, ami ihw 
IS the onl\ real factor m the ca«e 

A ftrcitn of picn aclociU and depth ran oid\ inrr,\ a tiMalii 
charge of »:lu ^\hen it h earrung this U is ^anl to ho 'ftill.t 
chargeil ' Inthitea«,if thin is ant ndmtioii in Mlmitj, or If 
anr additinnal silt is li\ am iiiiaiis hroiighl into the Hhiiiin, n 
dcpositvill occur (inito'S there is aluo a ndnction of di plh) until 
the charge of silt is redncwl again to tin full i hargi' for the nl ri am 
Thcdeoosjt mat, howetcr, occur slottl^, and ixteml otn a iiii 
pidcrahlc length of channel If a »trenm is not full} ilmrgid, jl 
tends to become so bt f-couriiig it« l»cd Aulnam full) diargid 
tuth Slit cannot scour silt from itx dianin 1, bnl its pimi i to iiiom< 
drift IS, perhaps, unalTcctcd bj its being ilmrgi cl ti itli silt 

It IS not hnotin hoM the full charge mnlhcticl b} llin natnio itf 
the Silt Tlic specific gnitit^ of fine mud in not nnn Ii gte ate r tliaii 
that of water, tihile that of sand ix nlxml 1 Ti tiiinx ax gnat If 
two streams of equal depths iind tthfcilnn nrci full) ilnirgcd, oim 
tvitli particles of mud and the otln r with c cpmll) xirc d |i/ii llrh « of 
sand, the Utter will anik mini rapidlj nml will have to be nene 
frequently thrown up 'Jhc> will pnihihl/ laj fowc r In iiumh' r, hid- 
in what proportion is not hnowii 

In the ‘Inundation CiniJx,' ralh‘l hctaiiRO tiny fl'cw only 
when the rivers arc m flood, f#d fn»rn lh« Hvi rx of Norllic in fiidl/i, 
the silt entering a canal usually (ounnU of simd and mud '/ h« 
sandy portion, or mo^t of it, h (h \ifn-iU •] fii th» hui'l of ihn 
canal, forming a wt/lg»^hip<d rna»x, with a d» j/lh of jxih/cjMfwo 
or three fc^t at tin head of the laimt, dimfn) Idng to y* rn at a 
point a few tmlcs from tU hcvj iUyoti'l tfdx j»'dnt Ifn 
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charged with mud and perhaps a little sand, usually flous for manv 
miles without anj deposit occumng, although there are frequent 
reductions in the a elocity caused by the diminutions m the size of 
the stream as the distributaries are tal en off, and sometimes also 
by reductions in the gradient The absence of further deposits 
inexplicable till the discovery of Kennedy’s law, is due to the 
fact that the depth of u ater diminishes as well as the \ elocitj 
hlanj of the channels a\ ere constructed long ago b} the natii c", 
and thej seem to have learned from experience to give the 
channels such widths that the depth of water decreases at the 
proper rate 

It IS a common practice to so reduce the velocity of a stream 
that silting must take place The object may be either to 
‘warp up’ certain localities by silt deposit or to free the water 
from silt, and thus reduce the deposit in places further doivn 
When the velocity of a stream is arrested altogether, as it pncti 
cally 13 when a stream flows through a largo reservoir, tho whole 
of the silt will deposit if it has ‘time to do so, that is, if tho rescr 
1 oir is large enough Low lying and marshy plots of ground maj 
bo silted up, and rendered healthy and culturable by turning a 
Bilt-beanng stream through them In order to prev ent deposit in 
the head of a canal tho water maj be made to pass through a 
‘silutrap’ or large natural or artificial basin, where the velocity la 
small, or tho supply maj be drawn from the upper lavors of tho 
nv cr v\ atcr (art 24) 

Siltmg and scouring arc generally regular or irregular in their 
action according as the flow is regular or irregular, that is, accord 
mg as tho channel is free or not from abrupt changes and eddies 
In a uniform canal fed from a river tho deposit in the head of the 
canal forms a viedge shaped mass, as above stated, the depth of 
tho deposit decreasing with a fair approach to uniformity Salient 
angles arc most liable to scour, and deep hollows or recesses 
to Blit Eddies have a strong i.counng power Immcdiatolj 
ilownstrcam of an abrupt change scour is often severe 

Most streams varj greatly at different times both in volume 
and volocitj and in tho quantity of material brought into them 
Ilcnco tho action is not constant A stream may silt at one 
season and scour at another, maintaining a stcadj av crage M hen 
this happens, or when the stream nev cr silts or scours, apprcciabh 
It is said to bo in ‘permanent regime 

Waves, v^hethcr due to wind or other a^cnij, maj cause scour, 
cspcciallv of tho banks Their effect on the bed becomes less as 
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SicTios VII—HtimtwK Oiisnii moss 

AM) O) I f iKH vr. 

25 Hpdratillc Obserrallons — It i« frcfjucnlh necessar} m 
Iltjlraulic I'npnecnng to ol»«erac aratcr lea cl«, chmensjons of 
Ftrcamg, and aelocitics, and from thc*c to compute discharges 
The object of a set of ol>«en alion« maa be either simplj to 
a*ccrtain, saj, the discharge in a pirticidar instance, or to find 
and record the co-cflicicnts applicable to the ease, so as to enable 
other discharges under similar conditions to be calculated Obscr 
aations of the latter class, when extensne, arc usually termed 
‘Iljdraulic Experiments’ A consideration of the instruments 
and methods adopted in Hjdraulic Obscraations maj be strictly 
a matter of IIj driulic Engineering, but it is necessary to include 
it m a general manner iii n Treatise on Iljdrnulics, both because 
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the principles imolved in such uork are closely connected with 
the laws of flow, and also in order that proper estimates may he 
formed of the errors hich are possible and of the reliability of 
the results which have been arrived at by various obseri ers ^ 

In making observations accurate measurements of lineal dimen 
sions, depth, and water levels are necessary, as well as accurate 
timing The number and duration of the obser\ations should 
be sufficient to eliminate the effects of the irregular motion of 
the water, and bring out the true average ^ alues of the quantities 
sought for Owing to imperfections m these matters, or m the 
instruments used, errors of \anous kinds may occur These are 
known as ‘ observation errors ’ They ma} balance one another 
more or less, but are liable to accumulate in one direction m a 
remarkable manner Care m observing, as well as sufficiency in 
tbe number of observations, are therefore essential points An 
error in measuring length or time has, of course, a greater relative 
effect when the amount measured is small In a channel the fall 


in the surface or hydraulic gradient is often a small quantity, and 
thus in slope observations the error is often large With an aper 
ture under a small head the error in observing it may be serious 
It has been shovrn by Smith * that, even in the careful experiments 
made by Lesbros on orifices, the co efficients were probably affected 
by such causes as the expansion and contraction of the long iron 
handles attached to the movable * gates,’ and to the bending, under 
great pressure, of the plates forming the orifices Besides quantities 
which can be actually measured there are conditions which can 
be observed but maj be overlooked, such as a slight rounding 
of a sharp edge, the clinging of some portion of the vv ater to an 
aperture when it is supposed to be springing clear, or the occurrence 
of a deposit in a channel Such matters not always ver^ perceptible 
maj have considerable effects on the flow 

Again, there are conditions which cannot be ascertained, and 
assumptions are made regarding them It has, for instance, been 
assumed that a local surface slope too small to be observed is the 
same as the observed slope in a great length, oi that the diameter 
of a pipe, measured at onl^ a few places, is constant throughout 
Lastly, there are some things very difficult to describe, such as 
the degree of sharpness of an edge, or of roughness of a channel 


Thus there is often, in accounts of experiments, a defective or 
erroneous description of the conditions vhieli existed This 
mij be termed ‘descriptive error’ In some cases it Ins been 


* DttaiU will Lc given m clijp Tin " J/jilraulica, thui in 
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^e ^7 grcAt Its effect is sitnihr to thit of obscnation erior, and 
the line between the two cannot easily be drawn 

Mhen the quantitj whose law of larntion is sought depends 
on seieral conditions aihich \ary together, it is often difficult to 
determine the effect of thcaanation of anj one condition alone 
As far as possible obseraations should be made uith onl^ one con 
dition varying at a time Generally, obser\ations at one site are 
kept distinct from those at other sites, hut if the conditions of 
different sites arc nearly similar, it is legitimate to combine obsena 
tions at different sites In such a ease, care should be taken that 
the effect of any slight or accidental dissimilarit} m the sites Mill 
not affect any one set of \ allies, but will be distributed throughout 
all It would, for instance, be undesirable to have all the Ion 
Mater obse^^atlons at one site and the high water observations 
at another 

A senes of obsorv ations containing a source of error may show 
results quite consistent with one another, and may be of great use 
lu bringing out certain laws The well known weir expenments 
of Francis and of Ftclej and Stearns gne results which are con 
sistcnt, and have long been accepted as practically correct, but 
when they are compared with the later results of Bazin certain 
discrepancies appear, and it is clear that one or the other sot of 
expenments contains some error 

Detailed accounts of Hydraulic Expenments do not of course, 
find a place in a textbook References to the chief works on such 
expenments hav e already been given (p 7) but special points will 
be noticed whenever necessary 

26 Co efficients — I rom the causes abov e stated the co efficients, 
or other figures, arrived at by vanous observers frequently show 
grave discrepancies This is especially the case with the older 
experiments In the more recent ones the discrepancies have been 
reduced 

The ‘probable errors ’of coefficients have in some cases been 
estimated by those who have investigated them The meaning oi 
this may be explained by an example which will be made to 
include all kinds of errors Let a weir bav e a crest 1 foot vnde, 
sharp edges, and a head of 1 foot Suppose the co-efficient arnv ed 
at IS GOO, and that it is estimated that the observation error may 
probably be 1 per cent cither way Then 1 per cent is the 
probable error, and the value of the coefficient is as likely to 
be between GOG and 594 as to be outside of these limits But 
there may also have been descriptive errors connected with, say. 
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the ^\ldth of the crest or sharpness of the edges and the real 
probable error may be much greater than 1 per cent rinalh, if 
the CO efficient is applied to a \reir, o\er which uater is actuallj 
flowing, there maj be again obseriation error in measuring the 
head Sometimes these different errors balance one another, 
but sometimes, as before remarked thej all accumulate m one 
direction 

The CO efficients for different cases contain probable errois of 
\ cry different amounts For sharp edged apertures under fa\ our 
able circumstances, the probable error is onlj about 50 per cent 
For channels and especially for pipes owing chiefly to the causes 
above indicated (arts 9 and 11) it may easily be 5 or 10 per cent 

Although in the aboi e instance the final operation of obsen ation 
introduces an additional error, complete observation is much 
better than calculation If no co efficient had been assumed at 
all, but the discharge of the stream carefully obser\cd, as veil as 
the head on the weir, then both the discharge and the co cflicicnt 
for that particular case would base been obtained in the best 
possible manner 

The results of individual experiments ncarl} aluays slioii irrc^ii 
lantics, that is vhen plotted thej do not gi\o regular curies 
The usual method is to draw a regular curve m such a manner as 
to average the discrepancies and correct the original obscriations 
Most published co efficients ha\e been obtained in this manner 

When an experimenter obtains a senes of co efficients for any 
particular case, he often connects them by an empirical formnlt 
invohing one or t\io constants This has been done bj Bazin 
and Kuttcr for open channels, and by Fteley and Stearns, Fnncis 
and Bazin for certain kinds of weirs What the engineer rcall) 
needs and uses is a table of the co efficients, but tlie formula) ma^ 
be useful m finding a co efficient when a table is not at hand or m 
finding its aaluc for cases intermediate between those given in the 
tables or outside the range of the observations Ihis last piacticc 
must, however, be adopted with caution and within narrow limits 

Further experiments arc required m all branches of li}drmlics 
A feature in future experiments will no doubt bo the increased 
use of automatic and self recording luctbods, clcctnc communica 
tions, and photography. 
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The CO efficients given, except for conical tubes, are approximate 
and average \alues, further details being gnen in the succeeding 
articles The length of a tube must not exceed three times the 
diameter, otherwise the coefficient is reduced, owing to friction 
and the tube becomes a pipe A tube generally has its axis hori 
zontal, but may have it in any direction If the lengths of the 
cylindncal tubes (Figs 28 and 29) are reduced till the jet springs 
clear from the upstream edge, the co efficients change to the values 
shown for Figs 25 a and 30 The length at nhich the change tabes 
place may for a i ery great head be two diameters or more, but is 
generally less than one diameter The cross sections of all the 
tubes are supposed to be circular, but the co efficients apply nearl) 
to square sections and to others differing not greatlj from circles 
and squares Thus ‘ cylindrical ’ includes ‘ pnsmatic,’ and similarlj 
with the others In the case of an elongated section, ‘diameter’ 
13 to be understood as ‘least diameter ’ 

For orifices up to a foot in diameter, metal edges filed sharp 
should be used, if full contraction is required For larger orifices 
wooden edges can be made sufficiently sharp These remarks 
appl) to all kinds of orifices in which the edges are supposed to 
be sharp, that is to all except bell mouths, though with a con 
vergent conical tube the effect of want of sharpness is probablj 
small, the final contraction occurring outside the tube 

In experiments made liy Mair and Simpson^ ^vlth circular orifices 1 to J 
inches m diameter in thm metal plates it was found that a hardly per 
ceptible rounding of the edge caused in one instance (the diameter is not 
stated) an increase m the discharge of about twenty per cent , but this 
increase seems exceasne, e\en if the diameter was only an inch 

The co efficient of discharge does not generally alter much as 
the head >aries, so that, neglecting the effect of velocit} of 
ipproaci, the discharge through a given onfice under different 
heads IS nearl} as Zfi In order to double the discharge //must 
be quadrupled If the head is doubled the discharge is increased 
in the ratio of about 1 4 to 2 

To facilitate the working out of problems, the theoretical \cloci 
ties corresponding to various heads are given in table i /''can 
bo found from // or // from 7^ 

2 Measurement of Head —Upstream of an orifice thcic ini} 
be a ' ortex m the w atcr, or, when the ^eloclt} of ajipro ich is high, 

1 J/ihk/m of I'rococdtnjf of Me iHstUuUoH of Cittl h ^jinctrs >t)J 

Ixxxit 
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a tr\TP rr ll''^yllnp of iraicr wlicrc it ftnVr^ tlic awl the 
hcAil »ho»ll l>r ?nr\*ijrr*l « rhort fli«!incc tjp«trcim from such 
vortrxorwair If ihf pirt of ircicnnir idjomin^ an orifice is 
flowed (ftp Tl) the held mu I"* 
mrtnirtHl at i , > ul if the length of 
the closcfl portion u more than thnee 
its Ica«l dntneler, it js nccc*MTy to 
fin I the lo»« of leal tn it, treating it 
a pipe 

‘'mith »la 1 e« that for nn onfirc in n 
thin irall the hrvl ihoiiH pmUalli Ik; mca*iinNl to (lie centre of 
granti < f the i etn cnntncla. The miller seems to admit of no 
doult, and the nile »houJd ippli to all km<Is of onfices in which 
there II conlnction It m at the leiii contncti in»l not clscnhcre 
that the thcorelicit rclociti is In a licll moiithwl orifice 

in iihonront.ll will the held would be 
measure*! to the 'di«chirpng side' of 
the onfice, ami the jet from nn onficc 
til a thin honrontal wall i8«iics tinder 
thesame conditions, except tint fnction 
against the sides is removed Under 
a small head the jet from an onfice in 
a thill tertic.ll wall ran} drop apprcci 
aWj III the distance VliT (Fig 34), and 
tlio true head, that it M, is not the 
same M at /*, the centro of the onfice 
Kc.arl) all co-efficicnts hate been ob- 
tiincd from onficcs m tcrtical nails 
under considerable bcids, so that it 
has made no dincrciicc how the held his been measured, but in 
applj ing these co^ifficicnts to orifices in other 
positions the head should be measured to the 
tena contracta 

3 Incomplete Contraction — The contrac 
tion in an onficc with a sharji c*lgo maj bo 
partly suppressed by rnlding an internal pro- 
jection Ah (Fig 35), extending over a portion 
of the perimeter of the orifice The con 
traction is then said to be ‘partial* If the 
length AB is not less than 1 5 times the least 
diameter of tlic orifice, the co-efiicients for orifices in thin walls 
are, according to Bidonc — 
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For a rectangular orifice 152^^ (20), 

For a circular orifice Cp=c^l+ 128^^ (21), 

M here c is the co efficient ot discharge for the simple orifice, P its 
perimeter, and S that of the portion on which the contraction is 
suppressed Partial suppression may he caused by making one or 
more of the sides of an onfice flush with those of the reservoir 
The above formulce were obtained v> ith small orifices and heads 


under six feet They are not applicable when ^ is greater than 


J for a rectangle or | for a circle They are not quite reliable m 
any case, and especially when the orifice is elongated With a 
rectangular orifice of length twenty times its breadth the suppres 
Sion of the contraction on one of the long sides has been found 
to increase c by 8 to 12 per cent, whereas by the formula the 
increase should be 7 2 per cent 

For a square orifice m a thm wall c is, say, 62 with full con 
traction and 1 0 when all contraction is suppressed Therefore, if 
the contraction is suppressed on half the perimeter, that on the 
other half remaining unchanged, c will bo about 81 But by 
equation 20 it is G2xl 076 or 667 It is clear, therefore, that 
if the contraction is suppressed on one part of the perimeter that 
on the remaining part increases, and this is uhat would be or 
pected The increase is, no doubt, most pronounced on the side 
opposite to the suppressed part, because the contracting filaments 
of u ater are no longer directly opposed by others 

In a bell mouthed tube the contraction must be complete, v hat^ 
ever the clear margin may be In all other cases decrease in the 
eleir margin causes the contraction to he ‘imperfect ’ In chapter 
IV (art 3) some rules are given regarding the allowance to 1 o 
made for imperfect contraction with weirs m thm walls Con 
sidering them in connection with the above formul'c for partial 
contraction the figures shown in table ii are armed at In this 
table S IS the length of the perimeter on which the clear margin 
13 reduced, 0 the width of the margin in the reduced part, d the 
Ic ist diameter of the orifice, and r, r, tho co cnicicnts for the orifice 
with complete and incomplete contraction iespectivcl> The 
table is meint for onfices m thin wells, but even for these it is 
onl^ appro\iraato It probiblj apjilics almost as well to other 

orifices with sharp edges Iho alovo fonmiloj and fij,urcs appl^ 
l<> f as wlH ns to r, loth [rrohabl^ altering m about the nime pro 
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portion and c, being constant It m*ij happen that the contraction 
13 suppressed on one part of the perimeter of an orifice and 
imperfect on another part Example 4, page 74, shows the 
method which may be adopted for such cases "When the con 
traction is either suppressed or aery imperfect on nearly the whole 
perimeter the approximation becomes very doubtful 

Wlicn an orifice 30 feet long and -05 feet high was bisected by vertical 
braes sheets of \ arious thicknesses, it was found that a \ ery thm sheet liad 
little or DO cfTcct either on e or on the jet, but a sheet Of feet thick increased 
e nearly 1 per cent , the jets, howexcr, uniting a short distance from the 
orifice * 


4 Changes in Temperature and Condition of Water — The 
results of some experiments by Smith, Mair, and Um\m re 
spoctnel^ are shown in the following table — - 
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In all cases 
the initial 
temperature 
of the water , 
waSDormal 
namely, 45* 
to Cl'Fahr 


It 13 clear that jt require^ a great change of temperature to cause 
an appreciable change in the discharge, and that the change is 
greater the smaller the orifice The law governing tlio change is 
not clear. Smith considers that with a head of 10 feet a change 
of 50° in temperature probably has no appreciable efiect for orifices 
of more than 24 inch m diameter^ 

Smith states that for small onficcs { 05 foot and less in diameter, 
and with heads less than 1 foot) the discharge fluctuates consider 
ably, and that this is perhaps duo to unknown changes in t e 
character of the water With cither larger beads or larger orifices 


* Smith S //yelraufictf chap III 

® /6«d and J*roc /»«< Ci'.'ol !***•' 

® J/t/ilran/ici, clap m 
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the uncertainty disappeared It was not due to experimental 
error 

Smith also states as follows Water containing clayey sediment may 
have a greater co efficient becanse of its oiliness Thick oil, though very 
VISCOUS, has a greater co efficient than water When the water is in a 
disturbed condition, and approaches the orifice in an irregular manner, the 
jet may be ragged and twisted, but c is not affected appreciably Greasj 
matter adhering to the edge of an orifice slightly reduces the discharge, if 
the diameter is 10 foot or less, the reduction being due to the diminished 
size of the orifice 


5 Velocity of Approach — The subject of velocity of approach 
IS of more importance for weirs than for orifices, and a full discus 
Sion regarding it is giten m chapter iv (art D) In equations 8 
and 10 (pp 13 and 14) » may bo taken to be 1 0, when the 
aperture is opposite tbit part of the approach section where the 
velocity IS greatest — that is generally the central part and near 
the surface — and about SOuhenit is opposite a parti\bere the 
%elocity IS louest — that is near the side or bottom The method 
of solving the above equations has been stated m chapter it 
(art 7) For an orifice anth sharp edges, vheneaer aelocity of 
approach has to be taken into account, there anil very likely ho 
imperfect contraction on some part of the perimeter, and e, must 
be substituted for e 

Another method of procedure is to alter the forms of the equa- 

bo 


tions Since h=: 

2/7 A 


Kl 

2^7 


therefore equation 8 may 


aantten 


■Whence 


And 


r»( 


"(l-f,’ n Sjfl-. 

Q=c a V2y// / ~ • (23) 

V 


These can bo soiled directly The quantity 
co-cfTicicnt of correction’ for aelocity of approach 


/r^- 


dcnotc/l by r. Table in shows some aaliics of 


A* 


A ’ 

It may be 
for dilTtrcnl 
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n3ce« cf snd u 'how* the ralwo of r, and of the qn-wuues 

leac^C cp to 11, f 0- <■,= 'IT and n = 1 -0 I o- n Kll noutted (al>e 
o 1* the area of the di«tl:an:m2 ^jde of the lube an f c, is f 

S- IS le^ than — a chance n ft or in n niaXe, ren littfe 
A o * 

dCe^ence n and a mere in*pection of tie table will enable its 
p*oper ^-alae to l^e found, Thu« the u«e cf c, <implifie' laattcis. 
Fo* o her kind* of onfices c mu t be «t.ptirate<I into its factors 
e, and and o found bv multiplnnc <1 hr But it anil K «cen 
iron the examples (p, 72 c* ) that the u e of r, mai 

often be conrenieat* In all ca^cs the u«e of f„ c-vut£s a httlc 

isaccunsev ^rhen ^ i< ^ mnl l If crealcr acejnsev is required 
a 

Eiav be u-ed for the fir^t approximation onlr Vnolher form of i 

/rr~ 

TTould Ik. aeir convement for 'harpedeed 

4 

o*tSee-, but there arc «o manr i-alucs of f that extcn«ia e tables 
iroald be needed. 

Let cc^=C, then C is an ‘iDclusirt co-effiaent and 
<24) 

This foraula i» not convement for general a«e, beciu«e it vrould 
be difficult to tabulate all the \-alucs of C for different kinds of 
orifices for vanoas lelocitics of approach But irhcre it is 
desired to ascertain bp espenment the co-efccients for an\ orifice 
so as to frame a di charge table for that onfice alone, then cqua 
tion 24 IS bv far the be«t -ind «imple*t to U'c 

If there are two orifices supplied from the same rt«erT 0 ir md 
situated not far apart, the di'charge of each mav be increa«cd hi 
the effect of the other, especially when both are in the 'ame wall 
In Bonn s experiments twelve orifice*, each S' x nearh , and 
capable of being closed bv gate* were placed «idc 1 v "idc The 
following \alue» of the inclu.i\e co-cffieient C were found — 
Number of gates open 1 2 3 4 5 or more 

Total co-cfficicnt for all 633 642 646 049 CoO 

A\'hen one gate was rai'Ctl two inches and the others were fullv 
opened the co-efficients were as follows — 

Number fullv open 1 2 3 4 5 or tno'v 

Cwffic.Ent for the one 1 gj , 553 

partlv open J 

The contraction was not complete, the twehc onfices being in 
P 
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the end of a chamber only 18 feet wide In order that two 
orifices in the same plane may haAO no effect on one another, it 
IS probable that there should be no overlapping either of the 
minimum clear margins or of the minimum areas of approach 
sections requisite for full contraction and for negligible velocit) 
of approach rcspectn ely (cf chap v art 2) 

6 Effective Head — The ‘ effective head ' o^ or an orifice is the 
bead nhich would produce the actual \clocitj supposing Cp to be 
unity If H and are the actual and effectn e heads 

(26) 

If ll-^Se—Hr, then Sr is the head wasted in overcoming resist- 
ances Let then Cr IS the ‘coefiicicnt of resistance,’ or 

Sf 

ratio of the wasted to the effective head 


Since 

And from equation 25 

Therefore — I (26) 


If there is telocity of approach H-i-nh must be put for U m 
tho foregoing The following tabic shows the values of Cr for 
different lalues of r* The head wasted is only a small per 
centage of the cffcctne head, when Cp is high, but it may bo more 
than the effective head when is low 


995 

99 

9S 

97 

95 

90 

Cr~ 010 

020 

on 

063 

111 

233 

Cp= 85 

82 

80 

75 

72 

715 

Cr= 384 

489 

563 

778 

929 

950 


The equation 7’’= Viy//, giacs the actual aclocitj for an orifice 
icferred to an imaginary water surfaco situated I/r feet below the 
actual surface (Fig 40), but tho equation will not apply to another 
similar onficc in the same rcscraoir at a different lead, because 
Ur w ill not haa c the same a aluc 

7 Jet from an Orifice — The jet of water from an onfico retains 
Its coherence for some distance and then becomes scattered 
"With an onficc in a thin wall, not circular and not in a honzont d 
jdanc, and with a head not a era great compared to the size of 
Ibo onficc, a phenomenon called 'inversion of tlio jet* occurs 
Tlu section of the jet is at first ncarla of the sh ijic of the orifice, 



onni rs 






L 




yin 

tlip\ «on1(l Itc if 


hjt after" an1« ^pTvJ* into fhectn j»crjV'tulifnlir lo tlipsulnof 
the onficp TTio«e portim«of the jct wlncli j««tic iimlor (lilFirmt 
hc3l« ti^harc fnnewhil rtmthrU lo eop-intc 3 <t«, aiIiicIi, if two 
of them mret oUiqiirlr, »jmd intoifhcct pcq'cinlicuhr to tlic 
pline conUiniiig them Thi< exp.ati«nn into fliccts reaches a 
limit an! the jcl contracts apam lo ncirh the form of Ihconfici, 

1 ul if lU coherence i* rctamctl it acitn 
throw* nut »hecl8 in ilirccti iis I i*ccl 
ing the angles l)ctwccn the prciioti* 
sheets This 1 * prriKahl^ due to sur- 
face tension or capillarity TIic flind 
IS enclosed in m cniclojic of constant 
tension, and the recurrent form of the 
jet 18 due to g il rati ons c f the fluid column,* 

the onlicca were far apart, " 

' ttg 3C ehow B the cross fcctiona <*f jet* from two square orifices,. 
f-- At a corner the two Btreams A and C 

in contracting interfere with one another, 
and some fluid is forced towanls the 
corner The full line in hig 37 shows the 
form next assumed, and the dotted Imo 
that assumed suhscqucntl} The dotted 
lines m Fig 36 show the form of jet 
where the two squares arc joined to 

»««■>' form a rectangular onficc 

Let //, he the cfifcctue bead oacr an orifice Ihcn if the jet 
issues acrticallj upwards and II j n 

IS not great, it rises to a height 
verj ncarlj equal to 11^ H then 
expands on all sides (Fig 39) and 
scatters Let a: be the head, measured 
from the plane AL, over any cross 
section of the jet, and y the diameter 
of the jet at the cross section The 
velocity of the jet is aery nearly 
and Its sectional area is as y* 

But since the discharges at all cross 
sections are equal the velocities are J *8 

inversely as the sectional areas Therefore if d is thednmeter o 
the jet at the aena contracta where the velocity is J^II* 

^ EncyzlojitTdia. UrxlannKO. ninth edition Artidc ‘ Kjdr mci-l “nlc" 
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d ^2jr 

Or 2'=4f)' 

Theoretically y should bo infinite ■when ^•=0 but practically the 
]et breaks up and scatters The \elocity of the jet decreases 
uniformly , that is, decreases by equal amounts in equal periods 
of time M hen the head la great the jet does not retain Us 
coherence long enough to rise to the height 

A body of •water issuiqg from an orifice in a direction not 
vertical describes like any other projectile, a cune which if the 
resistance of the air is 
neglected, is a parabola 
with a icrfcical axis and 
apex upwards If the jet 
issues Mith aelocity T, 
and at an angle d with 
Fw 89 the horizon (Fig 39) the 

equation to the parabola as given m Dynamical Treatises is 

ij=:xta.ne-xL^^-^ (28) 



ul ere y is the height of any point above the orifice correspond 
ing to anj horizontal distances The niaaimum value of y that 

jr 

IS the height of the point C vbovc the orifice is sin*0 If ys^O 


2T^ 

9 


set 0 / 


( 20 ) 


This gives tilt range of the jet on a horizontal plane jnssing 


through the orifice If t>=-15% 


9 


This IS the maximum range, and in this 
ir 

case the maximum height is 

If the jet issues horizontally (1 1 ^ 
10) equation 28 becomes 


j 9 ^ 

27 ■=■!//. 


and the range of the jet on a horizonUl 
pi lie 7/ feet below the orifice is 
T-2jIl.II (II) 



The range is a maximum wlicn for a jlmo jiassing 
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through the bottom of a reservoir, when the orifice is slightly 
beloii mid depth (See also Nozzles, art 16) 

Section II — Orifices in Thin Walls 

8 Values of Co efficient — Tho co efficient c has been determined 
for a great variety of cases, and its \alues for orifices with full 
contraction are giicn in tables iv to vn They are all for 
onfices m vertical planes, but if the bead is measured to tho 
vena contracta they probably apply to onfices in other planes, 
except when the head is small compared with the height of tho 
orifice These cases, marked off by horizontal lines in the tables, 
will bo considered in article 19 Tables u and i contain tho 
figures arm ed at by Smith * from a discussion of aanous cxperi 
ments, including some made by himself Smith states that tho 
probable error in theso co efficients is about 5 per cent Tables 
VI and vn contain tho results amaed at by Fanning* and 
Boie) * rcspectuel^, tho latter from his own observations and tbo 
former by a consideration of various experiments, some of which, 
however, do not seem to bo quite reliable Tho table given 
below contains selections from tho above tables A rectangle 
with ratio n to I means a rectangle having the horizontal side n 
times tho vertical side 

The co-cfficient e, is about tbo same for onfices in tbm walls as 
for bell mouthed orifices (art 14) It is about 96 for small heads 
and 99 or more for great heads By dividing c !>} c, the value 
of c, may be obtained It is clear from Fig 36 that tho jet from 
a rectangular orifice formed from two squares is greater relatively 
to the size of the orifice than for a single square, and tint the 
relative size will go on increasing as the orifice is lengthened In 
other words, the effect of the end contractions decreases as the 
orifice IS lengthened 

9 Laws of Variation of Co-efficient — The following laws 
regarding the variation of the co-efficient c arc easily traced 
lor laws 1 to 6 It is only necessary to compare tho figurca in any 
horizontal lino of a table, for law 7 m any vertical line 

(1) ^\lth high heads (rclativ ely to the size of the orifice) r is 
about the same for a given rectangular orifice wiictlier 
the longer or the shorter side is horizontal 
' lly ira litt clisp in 

® 7*»Ta/»s«o« ater Supply I nymttrtny, chip 
» Ilydraijics chap t 
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(2) For 1 square with tJilea \crtical e ts nearly the same as 

when the diagonal la acrtica! 

(3) Comparing a square triih a rectangle haa ing its shorter side 

equal to the side of the square, e is least for the square 
ami jncrea«cs with the length of the rectangle The 
difTcrcncc is le«a markeil arhen // is great 

(4) For a circle e ii about *003 less than for a square of the 

same diameter, and for the Uoicj’s orifices it is about 
*007 le-yi than for a square of equal area 

( >) For a square e is about 007 le«s than for a triangle of equal 
area 

(C) For orifices of the same shape, e is greatest for small orifices 
and decreases for larger onficcs, the dccrca«e, houcicr, 
becoming lc«8 and less rapid as the size and head in 
create This law docs not appl^ to Fannings rectangles 
(cf , say, columns 6 ami 8 of the table on page C4) 

(7) As 11 decreases e increases, especially for small onficcs and 
small heads There arc some exceptions for Fannings 
onficcs with large heads 

Since the aalucs of c, do not dificr much the variations in e 
must bo duo chiclly to sanations in (V It will bo seen belou 
(art 13) that for Bordas mouthpiece the value of e can bo found 
theoretically, and is alwut 50 For onficcs m thai Trails it is 
clear that c must bo more than 50, but theory docs not show 
how much more The mam fact, namely, that the general value 
of e IS about 01, and tho next most important ficts, namely that 
c usually increases for small heads and small orifices (laus 6 and 7), 
do not admit of theoretical proof But the Hus governing the 
minor sanations of the co-cfficients can to some extent be ex 
plained Laws 1 and 2 arc ubat might be expected and are 
proved by Boveys results because ho used tho same orifice in 
different positions, and therefore no error could arise from 
accidental differences m its size or character The notes to 
table Ml indicate some minor laws which cannot be explained 
Law 3 13 clearly proved by Fannings results, md also indirectly 
by Bovey’s, although be used rectangles of equal area to tho 
square and not with least side equal The cause of law 3 is clear 
from what has been said above regarding Ixcgarchng law 4, 
the higher co efficient of the square is owing to the smaller con 
traction in the angles Smith states that if this were the case 
the co efficient for a square would he greater than for a rectangle 
but he probably did not consider the matter carefully with the 
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aid of a diagram The cause of law > is similar The angles 
being more acute than m & square the suppression of contraction 
in them is still greater 

The CO efficients cannot apparently all he quite correct The 
difference between columns 2 and 3 of table vi is apprccnblo 
only for great heads, while between columns 3 and 4 it is greatest 
for small heads The coefficients in column 10 of the tabic on 
page 54, when compared with columns 2 and 3, agree well except 
for the head of 20 feet Fanning’s figures showing c as increasing 
for great heads seem to be incorrect The experiments considered 
by him do not seem to have included heads greater than 23 feet, 
and only a few of these 

The manner in which the co efficient vanes foi orifices of 
different sizes and shajies is the opposite to what it would bo if 
the friction of the orifice had any appreciable effect The smaller 
the orifice, and the greater its deaiation from a circle, the greater 
IS the ratio of the border to the sectional area, but the greater the 
co-cfficiont It IS remarkable that as ZT increases laws 3 and G 
become less pronounced, and that there is a strong tendency for 
the CO efficients of all orifices of one shape to hecome equal 

10 Oo^efficients for Submerged Orifices — All the co efficients 
aboao mentioned are for cases in which the orifice discharges into 
air Table viii shows the results found b) Smith for drowned 
orifices, the downstream water being 57 feet to 73 feet abo^o the 
centre of the orifice The co efficients arc less by about 1 per cent , 
or for small heads 2 per cent, than for similar orifices discharging 
into air The cause ma^ perhaps be tho form ition of eddies, and 
the friction of the jet against tho water surrounding it 

11 Remarks — If an onfico in a thin wall is m a surface not 
plane, tho co cthcicnt will be greater or less than foi a iilano 
surface, according as the surface is concave or coni ox towards the 
reservoir 

In some districts in America, where water is sold for ininiiig 
purposes, tho qunntit} taken is measured b^ orifices 'Iho 
‘ Miner’s Inch’ is a term which often means tlio quantity of water 
discharged bj an onfico 1 inch square, in a ^crtlcal thin wall, 
under a head of inches In this case, if r is taken at GJl, Q h 
153 c ft per minute, but the head is not alwaj s tho same, ittd 
the orifices used arc of inanj different sizes, generally much larger 
than a square inch the Miiicrit Inch is then some fraction of the 
total discharge, and its aahie m c ft per minute aarics from 1 20 
to 1 7G The Miners Inch is, in fact, a name with local anrittics 
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of meaning The Mall containing the orifice is often made of 
2 inch planlv, and the chief practical point to be noted is, that 
with a small orifice, or a Tery long orifice of small height, not 
only IS exactness of size more diOicult to attain, but there maj bo 
a chance of the orifice acting as a cylindrical tube, and giiing a 
greater discharge than intended Before the discharge of the 
orifice can be known, the size, shape, head, degree of sharpness, 
thickness of wall, indth of clear margin, and a elocitj of approach 
must all be known 


Section III — SnoitT Tunrs 


12 Cylindneal Tubes — In a cylindrical tube (Fig 41) the jet 
contracts, hut it expands again, fills the tube, and issues ‘full 
bore ’ The sectional 
area at GK is, as in a 
simple orifice in a thin 
wall, about C3 times 
the area at LM, but the 
velocity at GK is 
greater than •/^A 
and the discharge 
through the tube is 
greater than that from 
an orifice of area LM 
hen the flow first 
begins, the air in the 
spaces KG, KO is at 
the atmospheric pres 
sure, and the discharge 
IS not greater than that 
from an orifice LM Fia.ii. 

The action of the water 

exhausts the air and produces a partial lacuum let p be the 
pressure in NG, hO The pressure in the jet GK is also ;> The 
pressures at QR and S2 arc Let V, v bo the a elociiics at GK 
and QR The loss of head from shock between GK and y/. 
(equation 18, p *12) is Then from equation bp II, if 



the tube IS horizontal, 


(A) 
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And 

But 


^‘ + Il'~W+2g+-2f^ 
v= 63Pand F-~vr= 37 T 


(B) 


Therefore from (B) ^=^|( 63)*^- { 5347^ 

O' 

Practically there is some loss of head between LM and Gk and 
actually 

^=1307^ (32), 

v= 63r=82N^2y^ (33) 

Also from (A) s+^=^+~ 

=!'+(! WB 

Therefore COiT (34), 

Or the pressure at GK is less than the atmospheric pressure by 
69fr/f The result is nearly the same if the tube is not bon 
zontal, provided H is large relatively to the length of the tube 
If Cj IS not exactly 63, or if the actual loss of head differs from 
that assumed, the abo\o results arc soraeuhat altered “^^ith a 
great head the vacuum becomes more perfect, the contraction, 
owing to the diminished pressure on the jet, loss complete and 
the figures 1 30 and 09 are reduced For moderate heads they 
are found to be about 1 33 and 75 


If holes are made at N, 0, water docs not fiovi out hut air 
enters, and the discharge of tho tube is reduced If a sufiicient 
number of holes are made, or if the whole tul o and reservoir arc 
m a V -icuum, or if the tube is greased insido, so that v\ atcr cannot 
adhere to it, the discharge is no greater than for a simple orifice 
If tho holes are made at a greater distance from LM than about 
1^ diameters tho discharge is luinfrccted If a tube is added 
communicating v\ith a reservoir /, the v'atcr for ordinari heads 
rises to a height /P=s 757/, ami if tho height £0 is less than 
this, v\ atcr v\ ill bo dran n up tho tul o and discharged n ith the jet 
This 13 the crudest form of the jet pump * The height to uhicli 
natcr can I c pumped, even if the vacuum is perfect, is limited to 
31 feet. The discharge of the tube is reduced b} the puiiipin^ 
^\ith a great head tho (piaiitit} 75// may exceed 3 1 feet, lut 
III no case can the difference of pressures exceed that due to 
3t ftct 
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The CO efficient of discharge for a cj lindncal tube, like that for 
a simple onfice, increases as the head and diameter decrease The 
aproximate \alucs are gnen m table ix, but the number of 
observations made has not been great 

The coefficient for ft tube ACQ or ACOB '^1 
{Fig 42) Ci? being <4 5 X 7d| has been found to I 
be the same as for \ simple cylinder P* 

13 Special fonas of Cylindrical Tubes 
—If the tube projects inwards (Fig 43) the contraction and loss 
of head by shock aro greater than in the preceding case, and if 
the edge of the tube is sharp the co efficients c, and c are reduced 
to about 72 This is because some of tbe water comes from the 
directions AB and CD 

ben the length AG (Fig 44) is so short that the jet does not 
again touch the tube, it is known as Borda s mouthpiece For 






e 

Fio 43 



small heads is about half of AB The co efficient r, is about 
the same as for a simple orifice, but the contraction is greater It 
IS the greatest that can be obtained by any means The >aluc of 
c, is 52 to 54 That of e is 51 to 53 and it does not lary much 
The jet also retains its coherence longer than tho<!c from other 
Innds of orifices 

The co efficient for Borda a mouthpiece can bo found theoreti 
“lly The ^eIoclty of the fluid along the sides of the rcsenoir 
•Fi), SC, uhich m most orifices is considerable n here negligible 
Thus the pressures on all parts of the reservoir aro taken to 
le the simple hjdrostatic pressures and thej all balance one 
another except the pressure on GH, which, resolved horizontallj is 

The honzontal pressure on AV2\r is The 
difference between the two is JPitir In a short time T let the 
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water between KL ind MN come to STQP Its change of 
horizontal momentum is the difference between the honzontal 
momenta of KSTL and of MNQP, and that is the horizontal 
momentum of MNQP, since KSTL has no horizontal momcntuni 
This change of momentum is caused by the force Wall Fqinting 
the impulse and momentum, 


Therefore 

Let 

Then 

Or 


9 

-9 9 

f-=Ji 


Whenatulje la placed obliquely to the aide of the reservoir {Fig 45) the 
CO efficient is about c 0016^ where 6 is the number of degrees jn tJ o 
angle made by tl e axis of the tube with a hoc perpen Uciilar to the s do of 
the teaerNoir, and c la the co efficient for the tube w! en 6 la DO (Neville) 



For a cyliu lor Mith at) n diaphngm at ita entrance (Tin 41’) tf follou ng 
CO eff cienta arc given bj NcMlIe Tl cy apply onlj en the ti 1 o la fille 1 
which it will 1 L if not too long nor too short 


lUtl of M s 

Al tosr*at-i 

Co*nicicnt f n cl irgc 
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U 

000 

1 
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*2 
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Z 
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( 

107 
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c 

4 11 

V 

5‘'7 
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14 Bell mouthed Tubes —A simple bell mouthed tube (Fig 8, 
pigc 12) IS made of the shapo of the jet issuing from an orifice 
m a thill wall The length i>A is half the diameter and the 
curaes JC, J>D haic a radius of 1 30 times All This makes 
CI>~ 80x-//> The edges at A and // must bo rounded and not 
left sharp "W cisbich found the following co*efTiciciits for small 
bell mouthed tubes •— 

Head in feet 61 1 04 11 48 55 77 337 93 

Co-cflicicnts(r, andr) 959 967 975 994 994 

This form of tube is often used as n mouthpiece for pipes to 
preicnt lo's of head In contraction If the tube is not carcfullj 
matlo according to the aboao description r trill probably not 
exceed 95 For tubes of square cro'ss-scction 1 foot in 
diameter resembling licll mouths co-cllicicnts of 94 and 95 hate 
been found 

15 Conical ConTerging Tubes — In a conical converging tube 
(Fig 47) the stream contracts on entenng and again on Icatmg 
the tube The coefficients varj wth 
the angle of the cone, but Cr always 
greater than for a c.\ Under The follow 
mg table shotrs the co cfTieicnta found 
Castcl for a tube trhoso smaller diameter 
tras G1 inch, and its length 2 6 times 
the smaller diameter The coefficients 
hate reference to the smaller end of the 
tube As the angle of the cone increases 
ft diminishes and Cp increases Their 
product c 18 a maximum for an angle of 
13* 24 The co-cflicients were found to 
he independent of the head 
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The following have also been found — 


Cross 

of Tube 

Head 

In 

Feet 

Smaller ehl 
ofrube 

l<arper end of 
Tulw 

of Tube 

Angle of 
Conaer 
gence 

' 

Circle 

Cifcle 

Circle 

Eect 

angle 

300 

27 

1 8 

96 

1 So in diam 

1 21 „ „ 

2 17 „ „ 

44 ft X 62 ft 

4 20 111 diam 

1 50 „ 

l?l 1 1 

U65„ „ j 

2 4 ft X 3 2 ft 

10 ins 
92 „ 

7 67 „ 

9 59 ft 

17“ 

4” 20 
10’ 

20’ 

45’ 

11’ 38 
and 

15’ 18 

1 00 
934 
903 
898 
S88 
564 
976 
to 

087 


Corneal comerging tubes are used to obtain a high ^eloclt^, 
but the above tables show that the velocity is not generalljv 
greater than for a bell mouthed tube The an^Ie is usual!/ J0° 
to 20% A cjhndncal tip is sometimes added, its length being 
about times its diameter In the case shown abene, vith a 
head of 300 feet, the jet did not touch the cylinder If the tube 
projects inwards into the rcser 
voir the CO etficicnt is reduced, 
but 18 greater than for an in 
wardl} projecting cjlinder Com 
cal tubes (Fig 48) ate used in 
India at canal falls for dchicnng 
streams of water on to wheels for 
driving mill stones There is loss 
of bead both at the cnlranco and at the bend The loss w ould be 
reduced by using a bell mouth and a cur\c 

16 Nozzles — In order to gne a high velocity to the sticini 



Flo t Pio 65. 


Issuing from n ho?c pipe a iioffIc is applied to Us cvtrcmiti 
Iigfl 19 Hid TiO show ‘pmooth nozzles’ and Iigs TA and ri2 
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two forms of ‘ring nozzle* Jho diameter, cf, of the orifice is 
usually about one third of the dnmetcr, of the pipe, and the 
length of the nozzle six to ten times d Lxperimcnts Mith nozzles 
haie been made by Ellis, Freeman, and others ' The pressure, j>, 
at the entrance to the nozzle being measured bj a pressure gauge, 
the head on the nozzle is The following co efficients have 

been found for the smooth nozzles, the pressure being 15 to 
80 lbs per square inch 

Diameter of onficc=J in | m 1 in 1^ in IJ in 
c» = 983 982 972 976 971 

For the ring nozzle c is for Fig 51 about 74, and for Fig 52, 
where a Borda’s mouthpiece is added, about 52 In both cases 
ft IS about the same as for smooth nozzles 

Toallowforaclocityofapproach since^=3, therefore —r='^=9 0 

From table ii , noting that <*, is greater than 97, it is clear that c, 
is about 1 01, and the true co efficient c must be increased 1 per 
cent to giac the inclusuc co cflBcicnt C 
The follomng table shows the acrtical heights attained by jots 
fromnozzles in experiments made byElhs It mil bo seen that 
the height of the jet is greater for the smooth nozzle than for the 
nng It IS also greater the larger the diameter of the nozzle, and 
this may bo due to the jet longer retaining its coherence 


Vertical Heights of Jets ftom Nozzles 


rr«ssurc 
inpou (l4 
tWTiquare 

rrcHure 

fe*t“ 

1 DCb'toule 

11 ncl 


1 cl 
NoKir 

S nooth. 

R og 

Smootb 

Rio; 

bmooth. 

10 

23 

oo 

oo 

23 

22 


20 

4C 


42 

43 

43 


30 

G9 

62 

61 

63 

63 


50 

115 

94 

92 

99 

95 


70 

161 



129 

123 


loo 

230 

148 

136 

164 

155 



The total height to which the jet remains senicealle as a 
fire stream is less than that to aihich the scattered drops ri«c, the 
former height being about 80 per cent of the latter for small 

’ TranaacUona American Socitty of C%x*l £ gmttrt ^ol x*‘ 
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heads aqd 00 or 70 per cent for greater heads, but it is difficult 
to say exactly to ^^hat height the stream is serviceable The 
heights given in the above table are the total heights Mam 
kinds of nozzles have been tried, but with none of them does the 
stream remain clear, polished, and free from spra^ ing tip to the end 
of the first quarter of its course Such a stream can be obtained 
for a pressure of 5 or 10 lbs per square inch, hut not for a good 
working pressure 

17 Diverging Tubes — AVith a conical diveiging tube (Tig 53) 
the jet contracts on entering and expands again "With a tube 
having an angle of 5“, smaller diameter 
1 inch, and length inches, the co 
efficient of discharge for the smaller end 
was 948 , but with a tube bav ing an 
angle of 5“ 6 and a length of nine times 

the smaller diameter, a co efficient of 

1 46 was found The case is similar to 
a cjlmdncal tube If the angle exceeds 
7* or 8' the jet may not fill the tube, 
and the co efficient is then reduced If 
the angle is further increased, the jet 
does not touch tho tube, and the case 
becomes an orifice in a thin wall 

If the tube projects inwards into the reservoir the co eJBcient is reduced, 
hut is greater than inr an inManJJy projecting cylinder If the length of 
the tube is now reduced so that the jet docs not touch the tube, the co 
cliicient IS greater than 51, the lolue for Borda s mouthpiece, and 1 ccoiucs 
about 61 if the taper is increased till the case becomes a suiiplo orifice 

A compound diverging tube (I’lgs C4 to GO) consists of a 
converging or bell mouthed tube With .vn additional length m 
which the tube expands again If there are no angularities no 
head is lost by shock The case is similar to that of a cj Inidncal 
tube The nir in the neck, is partially removed by the water and 
the pressure reduced 

Tho following table contains information regarding various 
diverging tubes It is clear that tho co efiicicnt increases with 
the ratio of expansion (column D) and decreases as the taper 
(column G) increases, tho highest co-efficicnts being obtained with 
high ratios of expansion and gentle taper "With a mean taper 
of 1 in 13 7 the limit seems to he reached when the ratio of 
cxpan'Jion is 3 I'l, but v'llh a taper of 1 in G 33, not till the ratio 
13 5 0 
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A negative pressure in the neck is impossible (chap ii art 1), 
but if the vacuum there w ere perfect the pressure u ould be zero 

and the velocity would bo v/=K^+r) V2j(//+34) By 

making if small the discharge could bo increased enormously, but 
practically the vacuum is altva^s imperfect, and at a certain point 
the water ceases to fill the tube at the discharging end The 
maximum co-efficicnt ever obtained is 2 43 
The remarks regarding pumping action made under cylindrical 
tubes apply equally to diverging tubes In a vacuum or with a 
greased tube the discharge from a diverging tube is no greater 
than from the mouthpiece atone, and the same may be the case 
with a great head, the stream passing the expanding portion 
without touching it 
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Pro 51. 




In Figs 54, 65, and 56 A£=l Sin , CD=-l 21 m , ACis OJm 



In Figs 57, 6S, and 59 AT is a bell mouthed tubc\vith diameter at 
All the other segments except />i (I 67) are conical, nml each la J m 
long 



Is c^lin Incal Tlie 
)f the cone is least for 


I 1 ft to 1 5ft , lie 
Wtaiiio tl 0 aa ii im 


e tul o yl S 1 ell f, ff r 
altf 1 19 ft thee. 


Fir CO 
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Co EFPICIEVTS FOR SWICFS, ETC 


Kinds of 
ApTture 

Description 

WlUhof 

Opening 

Height 0 
Opening 

Co efilcient. 

n<al 


Shown m Fig 61. 

2 0 ft 

13Ht 

61 to 60 

33 ft to 

Sluice,* . ■ 



to 10ft 

(averages 

0 8 ft over 
unner edee 

As above, but with 

Do 

Do 

G-t to 70 
(averages] 

Do 

. 


boards Cf or DE 
added 





Do, 

la Woodwork 1 77 

4 265 

1 7 ft 

625 

Cft to 14 


ft thick at bottom, 

ft 



ft over 


and 87 ft else 
srherc 

Do 

10 ft 

801 

centre 

Iron gates,* 

Working in grooves 

4 ft to 

3 ft to 

72 to 78 

25 ft to 

HariDoab 

in the masonry 

10 ft 

2 ft 

(averages) 

4 8 ft 

Caaal, 

heads of distribu 




India 

taries 





Orifice,* , 

Shown in Fig 62 

sit 

5 ft 

503 



I inch plank placed 

uiiia 

„ 

C07 



against & C inch 

15 ft 


CIS 


space between two 

2 0 ft 

„ 

C21 



2 inch pUnks 

2 5 ft 


C2C 





* Tbp Bmaller vMneB of c oc 
currcd with the grentcr height of 
opeoiDg Foronj gnen height of 
opeoiDg c varied as the head 
changed, being generally greatest 
for a head of about 1 ft 

* The CO eJTicicnt jncludea the 
allorraRco for vcjocjtj of appmacb 
which was considerable There was 
no contraction at the bottom an I 
aides Tho openings were geiier 
ally aubmerged C increases as If 
decreases, and it also increiscs with 
the sire of tho opening 

* The CO eflicient rancs fn a 
aimilar manner to that for an 
orifice In a thin wsH 


Iio ex 
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Section IV — Siecial Ca&ess 

18 Sluices and other Apertures — A sluice is 'll! orifice pro- 
Mded ^nth a gate or ehuttcr Generali) there arc adjuncts uhieh 
complicate the case and render the eo cfBcicnt uncertain Vlicn 
the gate is fully open tlio case may approximate to that of an 
onSce in a thm uall V ben it is nearly closed the case nia) 
resemble that of a prismatic tube VTiere accurac) is required 
the CO efficient must be determined experimentally It may ha%e 
any >alue from 50 to 80, or e\cn outside these limits The 
preceding tible shons some values Sometimes when a thiclv gate 
13 lifted the flow tends to force it donn again, especiall) when it 
is raised slightly This is 
probably due to the forma 
tion of a partial lacuum 
under the gate 

If the sides and lower 
edge of an orifice are pro 
duced externally so as to 
form a ‘shoot’ (Fig 03) 
the co-efficient c may be 
greatly altered The air has 
access to the issuing stream, 
so that reduction of pres 
sure in the >cna contracts 
cannot take place, as m a cylindrical tube On the other hand the 
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Co EFPicifiSTs roR Sluices, ftc 


Kinds of 
Aperture 

Description 

Width o 
Opening 

jlleighto 
j Opening 

Co efflclect 

Itru 


Shown m Fig 61 

2 0 ft 

j 1 31 ft 

Cl to 69 

33 ft to 




to 10 ft 

(averages 

9 8 ft. o\ er 

Sluice,* . • 

Aa above, but with 
hoards CF or J>E 
added 

Do. 

Do 

C4to 70 
(averages) 

upper edge 
Do 


Do, 

In woodwork 1 77 

4 265 

1 7 ft 

62'! 

Oft to 14 


ft thick at bottom, 

ft 



ft over 


and 87 ft else 
where 

Do 

^0 ft 

803 

centre 

Iron gates,* 

Working m grooves 

4 ft to 

3 it to 

72 to ‘78 

25 ft to 

DanDoab 

in the masonry 

10 ft 

2 ft 

(averages) 

4 3 ft 

Canal, 

heads of distribu 




India 

taries 






Shown la Fig 62 

5 ft 

5 ft 

597 

5 ft. 01 er 


1 inch plank placed 

10 ft 

„ 

607 

ipper edge 


again«b a C inch 

15 ft 

,, 

615 


space between tno 

2 0 ft 


621 



2 inch planks 

2 6 ft 

H 

626 

1 



* The Biailler \ftliieB ol c oc 
currcil with the gfcxter height of 
opening For any gi\en height of 
opening c vancil aa the heal 
changed, heing generally greatcit 
for a head of about 1 ft 

* The CO cfltcicnt includes the 
allowance for \clocit} of approach 
which w as considerable There was 
no contraction at the bottom an I 
sidca Tlio openings were gener 
ally auhmergcd <7 increases as // 
ticcreases, and it alio increases with 
the a«7c of the opening 

* The CO efilcient Ttnes In a 
aimdar manner to that for an 
onfiec in a thin wall 


Fio Cl 




onmcis 


60 



SiCTlON IV— SllCMl t 

18 filolces and other Apertures— A slujce )s -vn onficc pro- 
>>{3o<l irjth A gAte or jlrnttcr Ocncrallj there arc nHjtincta vliJch 
compljcate the ca«c atid render the co-cIhe>cnt uncertain '\\'hcn 
the gate is full^ open the ci«c ms) Appro'cimaie to that of an 
onficc in a thin wall \\ hen it is nearly closed the ca»c niaj 
rescmhlc that of n j nsmnlic tultc Mberc necnrac.v is rc<juircd 
the co-cfiieiciit inu*t lic dclerniined experimentally tnaj hate 
anj Taluc from 50 to fO, or c\cn outside these limits Tlic 
preceding lahlc shovs snmc anlucs Sometimes avhen n thich. gate 
18 lifted the flow tends to force it down ngiin, tspccnll} when it 
13 raised slightly Thu is 
prohahl^ due to the forma 
tion of a jiartial aacuum 
under the gate 
If the sides and lower 
edge of an onficc ore pro 
duced externally so as to 
form a ‘shoot’ (Fig 63) 
the co-cfficient c may ho 
greatly altered The air has 
access to the issuing stream, 

60 that reduction of pres 

sure m the acna contracts , 

cannot take place, as in a cylindrical tube On the other an e 
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friction of the shoot has to be o>ercome "When the lieacl is more 
than ti\o or three times the height AB the discharge of the shoot 
may be nearly the same as that of the simple orifice, butothcraM'c 
It IS reduced For an orifice 8 inches by 8 inches aMth //, <4 
inches the addition of a honzontal shoot 21 inches long reduced 
c from 57 to 48 With a honzontal shoot 10 feet long the 
folloaiing coefficients haae been found, ^ the orifice being C56 
feet wide Hi and are the heads oa er the upper and loaa cr 
edges of the orifice 


n -III 

III i'l 

Itemarks 

OCS ^ Ifil 

a"3 

656 

l-6< 

PS4 1 

ftet 

•eiG 

164 

48 ' 
"1 

51 

1 58 

54 

62 

57 

03 

CO ' 

1 

60 * 
61 

|FnU contraction 

■j IiowcrcJgeoforificeflo h 
j avjtbbottomofrcseraoir 

056 1 
104 

' 53 j 
59 

55 1 
01 

1 

1 G3 

1 

59 

05 

61 

C5 

61 

65 



19 Vertical Orifices with small Uea^s—LctACDL (Fig Cl) 
Q bo a bell • mouthed orifice 

The equations for onficcs of 
different forms are found by 

integration An orifice is sup- 

Z-Zry£~^ s £ jioscd to bo divided into an 
infinite number of horizontal 
layers The discliargo of any 
layer is CpJ'igH'hlll avlicro H 
IS the head over the laj cr, I its 
length in the plane of the orifice, 
and dll its thicKncss For a 
rectangular orifice 

Q=.rrlJ'Sh/ ll'>dn 

J H. 

= (r>), 

aahero Jf, and /A arc iho hcacl< 
nt C and J) rcM*<'ctiacI} The 
discharge la the difftrcmo bctaaccn the dischargcR of taro aacirs 
' M( riti a Jhj Intuit m*, pre o 1 r litl n, j p HO ainl 37 
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With crests at G and D respectn ely, and no contraction Tor a 
triangle whoso base is upward and homontal and of length I 

0 = ^c.l 4 ( 30 ) 

For the same triangle nith baso downwards and horizontal 

0= =f./ Jioill .'- 1 (37) 

For a trapezoidal orifice, the lengths of whose upper and lower 
sides are /, and rcspcctiaely, these sides being horizontal, the 
equation is obtained from equation 35 w ith 3G or 37 It is 

(ss) 

For a circle w hoso radius js 11 and H the head oi cr its centre 

If ^ elocity of approach has to be allow cd for nil mu«t be added 
to each of the heads in equations 35 to 3D Thus equation 35 
becomes 

Q=ia V2y((ir,+«/oi-(fli+t^o*) (40) 

In OTcry case the discharge calculated by the above equations is 
less than that obtained with the same co ciBcient by equation 9 or 
10, p 14, but owing to the much greater simplicity of these last, 
It IS better to use them, and to multiply the result by a second 
co efficient to correct the error These ‘ co-efficients of correction,’ 
<■„ are gnen in table x * In this table D is the height, measured 
vertically , between the upper and lower edges of the orifice C and 
D (Fig 04), and the head in column 3 is that o\cr a point halfway 
between these edges This, m the case of triangular or scmi 
circular orifices, is not the head over the centre of graMty of the 
orifice, 2 but this latter head must be used m equation 9 or 10 
The correction required is practically negligible when //=2Z> It 
is greatest when H= 50D, that js when the upper edge of the 
orifice is at the surface, w hich of course it ne^ er can be exactly 
All the abo\o equations apply to onfices with sharp edges, but 
they ought to bo applied to the vena contracta Not only is 
D Ic«s for CD (Fig 34, p 45) than for Ah, but II is greater 
because of the fall PN which the yet undergoes between AB and 
CD Thus the ratio in column 2 of table \ is always greater for 

* Smith’s //yrfrau/i«, clinp ii i i « I 

* The distance of the centre of gr*ait> of a icmicirclo from its diameter is 
4C44 of the radius 
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CD than for IB The co efficients for orifices in thin walls, those 
above the horizontal lines m the tables (iv to m and p 5j), haac 
howeaer been obtained by applying the aboae equations to the 
orifice AB^ and for such orifices the co efficients should he so used, or 
if equation 9 or 10 is used, c, should be taken avith reference to 
But for a sluice, cylindrical tube, or other aperture for avhich some 
other CO efficient c is to be employed, the correct method is to 
ascertain and r,, obtain the approximate dimensions of the jet, and 
find the fall PNhy equation 31 (p 52) This has been done for some 
square orifices, and the results utilised by adding column 1 to 
table X For any entry in this column the corresponding entry in 
column 3 giacs the approximate figure for the jet, and the aaluc 
of Ck (to be applied to the result found by equation 9 or 10) is that 
in column 3 For a rectangle avhosc horizontal side I is less than 
Dt the Vena contracta is nearer to the orifice, the fall BK is less, 
and the contraction of the jet in a vertical direction less, so that 
the figures in column 1 approach nearer to those in column 2 
IVhen I IS less than 5D column 1 is not needed 

The CO efficients for aortical orifices under small heads arc not 
aaell determined The smallness of the margin on the upper side 
of the orifice tends to produce incomplete contraction there and 
to increase e, but, on the other hand, there is a fall m the avatcr 
surface upstream of the orifice, the head is measured aboio the 
fall, and this, according to .Smith, reduces c A yortex maj also 
be formed, and possiblj it maj penetrate the onfico and reduce 
c Columns 4 and 7 of the table on page 51 do not agree, 
though in both cases the licad was measured hack from the orifice 
Smith’s CO efficients are to bo preferred 

■With an orifice in a horizontal plane under a small head the 
proportion of avatcr approaching axiallj is reduced and the con 
traction is probably increased, except aMth bell mouths Iho 
co-efficjents for sucli cases having iicarlv all hecn obtained for 
orifices m vertical planes, arc not likelj to njiplj corrcctlj to 
others, even if the head is measured to the vena contracta 

Tho matter in this article refers to cases vihcro Jl is small 
compared to tho onficc If, m addition, 11 is actual!} smdl, the 
difficulties attending such cases (chap n art 7) arc added 

FxAaiiiFS 

Example 1 — AVator inters the condenwr of a Ktoam itvinc at 
iJic f a ! vcl from a reservoir «ho e vv ilcr surf »cc i* 10 feet alxjvc 
the injection orj/jce 'Jhc pris^urc in the lomicnscr m 1 11 1 I'rr 
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square inch Find the theoretical \elocit) of flow into the 
condenser 

The atmospheric pressure in the resen oir is 14 7 Ihs per square 
inch The resultant pressure is thus 11 7 lbs per square inch or 
1685 lbs per square foot This is equivalent to a head of 
1685 


From table i the velocity is 48 7 feet 

Example 2 —Find the discharge from a circular bell mouthed 
tube, I foot in diameter, situated m the middle of the end of a 
horizontal trough of rectangular section, 2 feet wide and 2 feet 
deep 

The head is 1 foot From the table in article 14 r, is probabU 
96 From table x the co cfllcicnt of correction for small heads 
IS 992 ^ is 4 square feet and a is 7854 square feet 

A 4 

-= -g-g^=5 01 From table iii the co-efficicnl of correction for 

velocity of approach 13 1 02 From table i j2f7J!^S 02 Then 
96x8 02 X 785 X 992 x 1 02ss6 12 cubic feet per second 

Example 3 — A culvert 3 feet Jong, consisting of a semicircular 
arch of 1 foot radius resting on a level floor, has to i»a«s a 
discharge of 9 feet per second There is a free fall downstream 

hat will bo the water lev cl upstream 1 

From table IX c maj be tahen to l>c **0 Alsofi = 2x 7e3el 57 
square feet 

To obtain an approximate solution 

Q=S= S0V2<;//xl 57 J2^II= sox”l^7 = ‘ 
hrom table i //= SO, or the awter will be *=0 fool al>ovc lie 
centre of gravity of the aperture or 22 foot above Ibc crown if 
the arch 

Tlic contraction, supposed to W complete cbcarhcrc, is ncarlv 
absent at the crown, and may l*c taken to lie supprc^cd on one 
fourth of the perimeter, thus (table ii ) making 
80x1 01= ‘^32 

In table x J)=\ 0 foot, and the head over the rentrr of the 
orifice IS 22+ 50= 72 foot or 72/> This r«)iTC«ponds to tOl* f - 
the vena conlracta, and the figure in column 8, diFcnt g no doa’*!, 
hanllv at all from column 4, is 

The above two cotreclions art 4 |>crctnT- |lui and 1 iTeric i 
minus, so that Q is rcallv 3 per cent mere tbn a*»t'T'! To 
make U ruht deduct C jver ctnt frtm JI, wli ' t>il 

80 X 91= 752 foot, that u, the water is 18 ft«.i a’- ve tie 
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Example 4 — ^Por the cuhert shoTrn in the nnncTcd dngnm 
(2 feet -wide ind 5 feet long), let there bo 'll! 
open approach channel 4 feet i\ ide, with ^ erticil 
^lalls and floor level iMth that of the cuhert 
Find the discharge vhen the upstream head 
IS 1 foot above the cronn of the arch, and the 
downstream head C inches abo\ e it 

In this case there is incomplete con 
traction on all sides, and also velocity of 
approach From example 3, fi=3 57 square 
feet, ^ = 12 0 square feet ^ P=s4 0+3 14=7 14 feet^ 5=2 Ofeet 
If the contraction were complete on AhB, Cp Mould bo (art 3) 
about 80x(l+ 152x9)= 80x1 043= 834 The average margin 

on AEB 13 about 1 30 feet Therefore Go, and 

5” 5 14 c, 

75 From table II -=1 035 about Therefore 

c,= 834X1 035= 863 

The head is 5 foot, and as the orifice is wholly s ubme rged no 
correction for small head is needed From table i is 5 C7 

<3= 863X6 67x3 57=17 47 cubic feet per second 
To alloM for velocity of approach by the usual method, 

17 47 

— = 1 46 feet per second Let ?i=l 0 

From table i /i= 033, i7+/t= 533 From table i ^=5 87 
Then 0= 863 X 5 87 X 3 57= 18 08 cubic feet per second 

To allou for velocity of approach bj a co efficient of corrcc 
tion, for the contracted section c, is (art 12) about 1 30, and 

Therefore a =3 57x CG=2 3G squire feet, and 

^ = ^^=5 09 From table iii , noting tint r, is about 1 ^0 

instead of 97, and that the figures in column 3 are to bo increased, 

13 about 1 03, tint is, 3 per cent must bo added to 1< 1<, 
making 17 99 cubic feet j?cr second 
i^ote — Furti cr cxiini Jea may 1>e obtained by titling cases ai alogous to 
some o( tliosc in cxamiles of chap l\ 



Tusir I — Ilrtns and TiiroprxiCAL Vnocirns (Art 1 ) 

I or a liPid greater than 10 feet dnidc the had 1^ 100 aikI 
take ten times the torrcsjKindmg aclocita Tims for n lica»l of 


orn icK-s 
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ICO fret llio xolocjt^ i« *7 or ten linie« l)ic vclocit} pueti for n 
of J C feel I or 1 tefoeilt oter C^ (JniJc it 10 ftn<f 
ntiltiplx the rorre*ponflinp hcullj 100 Tlic fnme mctliwls cm 
l*e ftdnptc<l to ficilitilc mtcrpohtioiH Thus for i/=i'0'12 look 

rtit 12 

In the firrt fifteen entries the henN correspond to ccrlim 
definite sclocitjc* The«c entries tnst, l»e t:*cfnl mci«os of sclocit} 
of approach After that the \eIocilics corres|)ond to definite 
heads 
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TAIIF 11 — IMIEIIIECT AND PARTIAL COMHACTION lOH 
Rectangui^vr Orifices ^mtii Siiapp Edges (Art 3) 
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Table III — Co nrticiFhTs^ of Co^^FCTIO^ Joi. ViLocm 
01 Ai PI 0 'C« (Art 0 ) 
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Table V —Co efficients of Dischahoe for Square 
Orifices in Thin Walls (Art 8 ) 
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508 
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For circular and square orifices 2 feet in diameter under heads 
of 2 to 10 feet co efficients of about 60 have been found, and for 
a horizontal circular orifice OSS foot i« diameter under a head of 


25 feet a co-eflicicnt of 25 foot 
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Table VI >-Co efficients op DiscnAroE Fon RrcTANOULAr 
Orifices, One Foot wide , in Thin "Walls (Art S ) 
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Table VII — Co efficifnts oi Discjivrgf fob Smaii 
O riFiCFS (aro-i I9G sqinro inch) IN Thin W\li^ (Art 8) 
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TA?i.r IX. — Oirmnrxr* Pi^nurrir ror. CriixunirM 

Tvtr* (Art-IC) 
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CHAPTER rV 


WEIRS 


[For prclimmary mformatiou sec chapter ii articles 4, 6, ?■ 14, and 15] 

Section I — ^^VEIRS in General 

1 General Information — ^The following statement shows a few 
typical kinds of weirs, and gnes some idea as regards the co 
efficients Further coefficients will he gnen in subsequent 
articles, and from them the aalues for man} cases occurring in 
practice can he inferred, hut the \anetic3 of cross section are 
innumerable, the co ctTicients \ary greatly, and generally can only 
be found accurately by actual obscnation When the length, /, of 
a weir is great relatively to JI, it makes little difference whether 
there arc end contractions or not 
To ensure complete contraction iron filed sharp should be used 
for the upstream edges with small heads For heads of over a 
foot planks or masonry may be used 
Since the inclusive co efficient C increases with U, it follows that 
when there IS velocity of approach ^incicases faster than Zfl If II 
IS doubled Q is about trehl^ To double the discharge H must bo 
multiplied by 1 5 If a given volume of water passes in succession 
over two similar weirs, one of which is three times as long as the 
other, the bead on it w ill be half that on the other If a v olumc of 
water, passing m succession over two vicirs, alters, the heads on both 
will alter in nearly the same ratio These rules arc otil} approxi 
mate, and when there is no %cJoatyo[ approach fie} arc eoatett bat 
modified To facilitate calculations the values of 2/1 correspond 
mg to different values of 27 arc given in table xi 

Smith states that vrith low beads such as 2 foot the discharge 
may be affected by a change m the temperature of the vrater of 
30* Fahr If the water is disturbed by waves or eddies the 
discharge is probabl} reduced, unless * baffles ’ are u®ed to calm it 
In the sheet of water pa«sing the edge of a wcir in a thin wall 
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Ihe ^ clocity IS greatest at the lower aide, hut « ith a broad topped 
weir the friction on the top reduces the t clocities nearest the cir 
In cicr^ ca«c the initnl horizontal \cIocit) of the vholo sheet maj 
1)C taken to be g nO^//, and the jvath of the sheet calculated as for 
orifices (chap in art 7) hig 70 shows a separating weir as used for 
water supplies of tow ns 
After bcaaj rain the 
aratcr is discoloured 
and 11 IS great, so that 
the shcctfalJs as shown 
and the aratcr is con 
a cj*cd to a araste chan 
ncl At other times 
the avatcr falls into the 
opening K and is con 
Tcj cd to the service 
rcscnoirs Thcaclocity 
at the ends of a aicir is 
generally less than else 
aibcro, and it increases 
up to a point distant about tHIitom the ends The pressure in the 
aiatcrpassingoacrtbccrcstofaateiris less than that due to the head 
The following statement shoars the chief experiments on avcirs 
in thm avails — 
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HYPnAXJLlCS 


Bazin’s observations arc the most recent and cxtensixc Tbc> 
included obserAations of the form of the upper and under surfaces 
of the falling sheet and of the air pressure beneath it Barm 
states that under some circumstances the discharge of a vcir cm 
bo ascertained better by obser> mg this pressure than by ob-^cn iHj,' 
the head (Cf art 8 } 

2. Pormul® — The ordinary veir formula (cguatioji }l,p 15) 
and the other formulTi deduced from it arc defectue in form It 

is often 'said that 
the lieid iWl 
(Fig 71) ought 
to be taken into 
account, the dis 
charge of the 
Mcir being con 
sidcrcd to bcthit 
of an orifice 
hose bottom 
edge is Oatid top 
edge J) , but the 
formuU Mould 
be much more 
complicated, iiid 
the height NO 

IS not ircH knoMii An> shortcomings m the fornmloi arc mult, 
good li> the a allies gi\cn to the cocthcicnts Moreoitr tliert, w 
no frpccnl reason vhj the section NO showld he selected for 
measurement I'rom C? to /’the under side of the sheet rises if 
the ircir has Us upper edge shaip The heads should prohibit ho 
measured, as nith an orifice in a thm w ill, to /’.ind G at the con 
tracted section The lion o\er a neir nilh a nido top is still more 
complex The case 13 really! oiicofiamhle lion in i short o;«n 
channel 

In all Mcir formula? »/i can he written for and this j)hri is 
adopted b> Bazm , but c is the true cocfRcItrit c\prc-''»iiig the 
relation bcieccn the actual and the theoretical dHchirgc, uul, 
following the usual practice, r wiU Ik. used lioth in fortmil ' ami m 
tables .Since 3 3’ this figure cui be u«cd m ciliuhtioiis 

instead of 8 * 02 , and multiplication hr <j is thus unnccc'-nri 'lh‘ 

\ allies of 3 c corresponding to dificrcnt > dues of c arc giscii m 
faille XU and denoted b} •/„ iKiitg the discharges per foot run 
nil r a "tir nilh ll^\ f<»i»t 
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3 Incomplete Contraction — From a comparison of the co* 
cfllcicnts obtained for >arious \»cira )n thin Mills, hmitli arrnes 
It the formula 

^-(l+Io4) 

uhcrc and c ire the co-cfficicnts for tuo equal weirs, one uith 
partial and one « ith full contraction V is the complete perimeter 
of the weir, that is f+2//, S the length of the penmeter oicr 
which the contraction is &upprc<(scd This formula applies for 
heads ranging from 3 foot to 1 0 foot, it is not exact, hnt maj bo 
used for finding co-eflicienls not otherwiso known 
^\ hen the contraction is imperfect,* whether or not the margin 
IS sufiicicnt to gii 0 a negligible \ clocity of approach, tho formula 
armed at b} Smith is 

e,=e (l+iy) 

uherc r, is tho co*cfilcicnt for the weir with imperfect contraction, 
S the length of its perimeter on nliich the contraction is imperfect, 
and X is as follows, d 1 ctng the least dimension of the ncir and G 
tho width of tho clear margin 

|:= 3 2C7 3 1 5 0 

iras 0 OOIG 005 025 OG IG 

^^*hen tho contraction is imperfect o\cr the uholc perimeter 
and when 

T= 3 2 07 2 1 5 0 

u 

the increase in e per cent 

= 0 10 50 2 5 C IG 

Butnhcn^is a \ery largo fraction of P, or nhen S'=I and ^ 
is very small — that is, when there is not much contraction left 
except at the surface — the rules become of doubtful application 

4 Flow of Approach — Bazin observed some surface curses for 
Mcirs 3 72 feet and 1 15 feet high, and for each weir uith several 
heads ranging from D feet to 1 j feet He finds y (Fig 71) to ho 
in every case about 3//, but tho upper portions of tho curves aro 
so flat, especially for the lower heads, that it is impossible to say 
exactly where they begin Obsciaations made by Fteley and 
Stearns, with II nearly constant and different values of {?, give 
results somenhat similar to Bazins, but when G is less tlianZ/,yis 

’ For definitions of pirlial and imperfect see chap ni art 3 
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about 2 5(? The abo\ e indicates the proper distince from tlio 
iveir to the measuring section In treirs mth end contractions ff, 
the distance of the end of the weir from the side of the channel 
must bo used instead of G if it exceeds G In a Mcir with a lon^ 
sloping face Smith found y to be 40 feet with 7f»7 2t feet 
The fall ND or F for neira m thm vails is generally between 
II II ^ j 

-j^and^ It IS much greater with broad topped weirs In the 

abo'ti experiments with weirs in thin walJs^ was found to ho as 
follows — 

G=3 56 1 7 5 3 72 1 15 feet 

jr=^ 014 GOG S64 5 to 1 5 "j to 1 5 „ 

148 US lU U9 U3 „ 

Ftoloy and Stearns Bazin 

Some other \ ahics arc 

ffsa 6S 37 *20 OS feet fPoncelet anil Lesbros, wetr^ 

i* _ no II r m thm walls, full contrac 

^ J tion, length tkJfxit 

And for flat topped weira 

/fs 5 I 5 1 5 1 feet 

2; -SS 29 ,0 04 07 „ 

Top Width 5 inch 2inclit-a ^inrhe' 

According to Smith /U somewhat greater in weira withnocndcontrarllon' 
then in others, and Increases slightly Writh / 

Itolcj and Stearns found that just up<itrcnm of a weir the pressurt*, at least 
near the bottom, la greater than at the same lc^ el further np^trcsi i Oemr 
ally the cljfForcnce is nearly as h or and it also increases as f7 dcereascs 
It ne\cr ctctcdcd the amount due to a hevl of O3 fur>t, and was ^ciicralb 
much less 

5 Velocity of Approach — The ordinary formulx for weira w ith 
telocit) of approncli arc 

s* m f {//+ * J 

By using ft tanable co-tfTicient of correction r, wool tain the inclu 
site co-cfTicicnta C=srf, nnd 

Tlic formulx* with inclusitc co^flicicnts arc 

<}=iu^±iin 
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For weirs m thin « alls with complete contraction equation 42 is 
not ordinarily suitable, because iihilo the values of c are known 
and tabulated those of C are not known, and if calculated for many 
different a alues of v would fill a formidable set of tables. But for 
other kinds of weirs C is often known as well as or better than c In 
these cases, and also in cases where Q is to bo measured for some 
particular weir, and the co-cfficicnts ascertained and recorded, 
equation 42 is eminently suitable 
'^Vhcro c 13 not known the use of renders the adoption of the 
indirect. or tentatno solution unnecessary in certain cases, and so 
saves trouble (sec examples 1 and 5) It is not convenient to gno 
a formula, as in the case of orifices (equation 22, p 48), for 
calculating c,, because equation 11 gives Q and not r In order to 
find V it would bo necessary to separate c into e, and r,, and these 
quantities are not properly known Values of r, haic, however, 
been found by w orking out \arious cases, and arc giy eu in t iblo 
xui for two aalucaof e Others can be interpolated if required 
The excess of c, alwvo 1 0 is nearly as e*, and for a gt>cn sahic 
of c nearly as n The co*ci!ictent c. be used either for solv ing 
ordinary problems or for obtaining values of C from e or M from 1 1 
The inverse process of finding c from C or m from M is as 
follows — 

Since Q“vAt 

Therefore from equation 42 (■*2 a) 

But (?=lni75}(//+n2y)' 


=ml J2glli(\ +"T^/^) * 


Since the last term in the brackets is small compared to the first 
term, the expression in brackets is nearly equal to 
Adopting this ^aluc and substituting from equation 42a 


Q=ml 




(t3) 


From equations 42 and 43 


i**) 


It IS of course imjxjssible to observe either n or n directly Tl c 
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obsenations gne M directly, and either m or n can ho found hy 
assuming a value for the other Generally m is assumed or 
deduced from its ^alues for a similar weir with no lelocitj of 
approach, and n is then calculated When the length of a weir is 
the same as the width of the channel of approach and G is the 
height of the weir equation 44 becomes 




( 15 ), 


(g+IT)' 

and in this form is given by Bazin 


On the assumption that the effect ot the energj clue to the rolocity of 
approach la tho same aa that of raising the water lc\el by a 1 eight vlA 

(F»g 71) equal ta ^ , the discharge la the same as that through aa on/ico 
with heads and KE, and the old form of equation was 

which ts Similar to cqaation 3J, p 70 This equation cannot be of tho true 
theoretical form, chicily because the original weir formula (equati n It 
p n) IS not so It would, howeaer, be right to u<e it as the best atton pt 
at a theoretical formula, if there were any adiantagc m doing so Hut tl e 
last term At is generally small and often minute, w hilo tho f >rmula is m ro 
complicated than equation 12 The method of allowance for t is largely 
empirical, and it is better to uso the more simple formula 12 \\ ith this 

formula n might be etpectc<l to be somewhat less than unity 

From irticlo 7, chiptcr ii it is clear that for wcira with velocity 
of approach tho contraction may bo either perfect or imperfect 

hen it 18 imperfect the increase of discharge is duo partly to tlic 

energy of the water represented by and partly to reduced 

contraction due to smallness of tho margin Tho aaluo of n from 
lioth causes combined has been found to bo, for weirs in thin wall*, 
(com 1 0 to 2 5 Smith nghtly separates tho two causes, and, 
discussing aarious experiments concludes that n should ho 1 1 for 
weirs with full contraction, and I n for weirs with no crul con 
tractions The cITLct of reduced contraction, if an\, was estimated 
separately, but tbc allowance made m the cases of weirs with no 
end contractions was not quite siifli icnt according to tho rulfi 
p\cn in article T aloac, so that n was a little o\crcstimatc<l nml 
Smith himself sug^tsts that this ma\ Icso Smci Simtliwrotc, 
the results of Ibrins experiments on weirs with no end contnr 
tions haic appeared Owing to their general rc^ulinty nrt I 
extent thei are entitled to gn it wtijit I i nrialyaing tl im c ri 
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Smith’s principle it is found that n varies from SG to 1 37, and 
averages about 1 1 For moderate velocities of approach Q depends 
onlv a little on n (see table xiii.), and it is not worth while to gn e 
here the detailed analysis t Bazin himself gii es 1 54 as the mean 
value of n, but this includes the effect of reduced contraction 
Both sets of experiments, nameir Bazin’s and those di«cu««ed by 


Smith, include high velocities of approach, the ratio — being 

sometimes only 1 C For weirs with full contraction the etperi 
ments di«cussed by Smith arc not numerous, and his resulting 
figure 1 4 somewhat doubtful It seems high in companson with 
the others, and may be put at 1 33 


The varutions m n, and especially its exceeding the value 1*0 are not 
easy to explain* A weir u usually in the centre of a channel, and the 
average defiection of the ranoos portions of the approaching stream is 
then a minimum, especially if its greatest velocity is bI<o in the centre, so 
that a large proportion of the water flows straight In a weir so placed n 
will be a maximum . but this is no reason for its being greater than unity 
The whole of the water, and not only the quickest water baa to pass over 
the weir At the approach section the velocity distnbution (chap, n 
art. 21) 11 sormaL The total energies of the various portions of the 
stream may (chap u. art 10) exceed the energy due to t, but the differ 
ence is probably only a few per cent , and notbiog like 33 or even SO 
Moreover, some little eoergy must be lost m eddies between the approach 
section and the weir Thus m no case will the available energy appreciably 

fS 

exceed that due to A high velocity of approach does not of itself 
reduce contraction. The high velocity occurs m the portion EB (Fig 71) 
as well as in With an onficein tbesideof areservoira high velocity 
does not cause reduced contraction, but rather the contrary The surface 
curves for wein do not indicate any reduced surface contraction when v is 
high. Pednctlon of the clear margin is allowed for separately and there 
are high values of n for cases in which the clear margin is ample 


It IS probable that the deviations of n from unity are chiefly 
due to the incorrect form of the equation u'ed If a curved crest 
FC IS added, the flow will not be appreciably affected, but the 
head will now be II instead of U The co-eflicients of the two 
weirs must be such that ” Suppose A now reduced 

so that r becomes considerable then cf/Z+n/i)* must eqinl 
c (// +n h)i, and this occurs when n =n ^ If f is CO and c' is 

SO (values likely to occur in practice), ^ = — = 1 2 Thus it 


* It will be fonn 1 in Appendix A. 
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can be seen how imperfections in the formula may cause n to 
change, and also that for a ■weir vith a sharp edge n is greater 
than for a rounded weir 

The following values for« seem suitable forueirs situated m 
the centre of tbo stream — 



Wein will eiiil 



contnetioni 

contraction 

Weir with sharp edge, 

1 33 

I 2 

Rounded weir. 

1 1 

1 0 


For other kinds of u eirs the value can bo estimated For a u eir 
not m the centre a reduction can bo made When the edges are 
sharp, and the margin insufficient for complete contraction, an 
additional allowance for this must be made by the rules of 
article 3 


Sfctiov II — Weirs iv Tniv Wails 

6 Co efficients of Discharge — Tbo chief cxpcnmcntsoniNcirs ui 
thm walls, except Bazins, haao been analysed by Smith, vho has 
prepared tables of tbo aalucs of c at nhich ho arrues, and Ins 
results somewhat condensed arc show n in tables xn to xai , but bo 
notes that when // is less than 2 foot the figures arc not reliable 
The first part of the following statement gnes an abstract of 
Smith 8 results (except for very short weirs), disregarding decimals 

of 001 or 002 The figures marked * Jbmith considered douhtfid, 

owing to the absence of observations for such cases For the 
others be gives the probable error as only 3 percent It is of 
course know n that end contractions reduce the discharge, and th ‘t 
their cficct increases with 7/ and decreases with I Smith in Ins 
analysis considers all tlic cxpcrnncnts (except IJarms) mentioned 
in article I — those with and those without end contractions and 
those having various degrees of contraction — together, and to i 
certain extent infers one set of values from tbo other 

Bazin’s extonxivo cpl>?crvalioiis, alrcaily to rntnc extent iImcimvi. 1 
in article give results difiiring somcvy^atyroin Smiths 'ilnv 
are shown in the loirtr («rt of tbd^obvi'eC/tatenHnt Sniitli'i 
co-cfTicicnts for anv vrtir without end contractions allatn n mu i 
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mum as II increases and then increase, but Barm’s decrease as 
long as // increases Smith's co-cfiieients increase as I decreases, 
but Basin’s are constant. The discrepancies are not > cry large, 
and the} occur chiefly for small beads, but they are important 
because of the diftcrcnt laws which the} indicate, and because of 


(1) 

(3) 

ts) 



(«) 

(7) 

(>) 

(9) 

(10) 

Kind of 
Weir 

netd 

Length of Weir la Feet 

nemarkf 





«'« 

10 


Full Con« 
tr&ctiOD 

O o 


GS 

■62 

G05 

59 

5S 

G5 

C25 

61 

595 

59 

65 

625 

615 

€05 

60 

u9 

655 

C35 

615 

61 

CO 

60 

655 

C3 

615 

61 

61 

G05 

Smiths 

Co 

(.fScients 

Vo Bad 
Contrac- 
tions 

SO 

l-O 

1 4 

1 7 


64* 

633* 

6o* 

64* 

635* 

64* 

645* 

66 

035 

C25 

C3o 

64 

645 

CC 

C35 

C2o 

63 
635 

64 

6C 

63 

62 

C2^ 

63 

63 

055 

63 

62 

62 

62 

625 

Smith’s 

Co- 

efBcients 

Xo End 
Contrac 
tions 

10 

25 

50 

1 0 

1 

17 

CG 

G4 

G3 

G3 

C25 


GG 

64 

C3 

63 


66 

64 

G3 



Bazin 3 
Co- 
efficients 


the high standard of accuracy obtainable with weirs in thin walls 
The methods used for observing the head are described in chapter 
vm article G The measuring sections of Francis and Ftcleyand 
Steams could not ha> e come within the surface cur\ e, but it seems 
possible that the erratic pressures (art 4) may ba\e had some 
effect Bazin’s mcasunng «ectton was far enough away to a\oid 
this, and } et not far enough for the surface fall to cause over 
estimation of U Bazin’s arrangements for starting and stopping 
the flow, and for measuring the volume discharged, were not quite 
so good as those of the American obscrv ers, and his individual 
experiments show more fluctuation among themselves, but the 
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can be seen how jmperfecfcions in the formula may cause n to 
change, and also that for a t\ eir with a sharp edge n is greater 
than for a rounded weir 

The following values for « seem suitable for weirs situated in 
the centre of the stream — 



V« 1 M with 



coBtractsons 

I 

coiitractJon* 

Weir with sharp edge, 

1 

1 33 


Ronaded weir. 

1 1 

10 


For other kinds of i; eirs the value can be estimated For a eir 
not m the centre a redaction can be made. When the edges arc 
sharp, and the margin insufficient for complete contraction, an 
additional allowance for this must be made by the rules of 
article 3 


Section II.— Weirs in Thin Walls 

6 Co efficients of Discharge — Thocbief experiments on weirs in 
thin walls, except Bazin’s, ba\e been analysed by Smith, who has 
prepared tables of the values of c at which ho arnYe'*i and bia 
results somewhat condensed are shown m tables xn to xm , but ho 
notes that when IT is less than 2 foot the figmes are not rehaUc 
Tho first part of the following Bt-itement gives an abstract of 
Smith’s results (except for very short wens), disregarding decimals 
of OOl or 002 Tho figures marked * Smith considered tloubtfnl, 
owing to tho absence of observations for such cases Foi the 
others he gives tho probable error as only 3 per cent It is of 
course known that end contractions reduce tho discharge, and that 
their effect increases with If and decreases with ? Smith m his 
analysis considers all the expenments (cveept Ba/iii’s) mcntioticd 
in article 1 — those with and those without end contractions and 
those haamg various degrees of contraction — together, and to a 
certaiu extent infers one set of values from tho other 

Bazin’s exten'»iNe observations, already to some extent discussed 
in article 5, give results diflenng Bomewl^t^/rom Smith’s The) 
arc shown in the lower part of thiJ^^inc^^tatcmcnt Smiths 
CO eflicients for any wcir without end contractions attain a mini 
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mum a» II incrcvc^ and ihcn incxta«e, litit decrease as 

long as II increases Smith'* cocflicicnts increase as I decreases, 
lul naxin's arc constant. The di»crepancic8 arc not scry large, 
and ihct occur chiefly for small heads, hut they arc important 
l)ec'\u<e of the difTeront liir* which the} indicate, and because of 


(1) 

(1) 0) j (*) 

(8) 

W 
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(» 

(») 

(10) 

KittS cf 
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n«?iiarkt. 
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19 
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20 
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♦C5 

•02 

•COS 

53 

SS 

•cs 

•C25 

01 

5'»5 

53 

■05 

625 

615 

605 

fO 

•0 

655 

615 

■615 

01 

CO 

fO 

655 

63 

CIS 

■Cl 

61 

605 

Scnitbi 

Co- 

ifSbiCBtl 

10 

No EB<t rj 

Contrac- 

M 

C4» 

cr,« 

•0')* 

64* 

•613* 

64* 

045* 

60 

•035 

62'» 

035 

04 

645 

66 
635 
62 > 
C3 
63'. 
64 

CO 

C3 

C2 

C2*. 

03 

C3 

655 

63 

C2 

62 

62 

625 

Saiith*a 

Co- 

effioe&ti 

Ko Eod 
Ccstru 
tiont 

10 

25 

50 

1-0 

1 4 

1 

< 

CG I CO 

04 ' C4 

-C3 C3 

C3 03 

025 


60 

04 

03 
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the high standard of accuracj obtainable ivnth weirs in thin walls 
The methods used for observing the head are described m chapter 
vm article 6 The measuring sections of Francis and Floley and 
Stearns could not ha> e come within the surfacc-cutw e, but it seems 
possible that the erratic pressures (art 4) may have had some 
efiect Bazm’s measuring section was far enoUg,h away to aaoid 
this, and }et not far enough for tho surface fall to cause over 
estimation of H Bazin s arrangements for starting and stopping 
the flow^, and for measuring the volume discharged, were not quite 
so good as those of the American observers, and his individual 
experiments show more fluctuation among tbcmsches, but the 
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number of his observations was far larger, ami his figures when 
averaged are remarl\.ablj consistent 

On the whole it seems that Bazin’s results are probably more 
accurate than the others, and the use of his co efficients for weirs 
1 5 to 7 feet long, and without end contractions, is recommended 
For longer weirs there is nothing to shake Smith's figures Decrease 
of c i^ith increase of I may seem improbable, but it is quite possible 
It may, for instance, be due to the surface at the measuring section 
being higher at the sides than elsewhere The head is measured 
at the side, and this would make S seem to be greater than its 
real average value from side to side of the stream, especially for 
long weirs 

The detailed values of Bazm s co efficients given in table xvi 
are, owing to Bazin’s values of n not being accepted (art 5), 
slightly higher for the greater heads than the i allies arm ed at 
by Bazin himself They accordingly differ less from Smiths 
figures Bazin calculated c, or rather ?«, for heads ranging from 
1C to 1 97 feet, but his actual obsenations vere withm the range 
shoun in table xvi Bazin also gives a complete tabic of tho 
values of M, and from it table xvni gning values of 0 Ins been 
framed 

It has been found that when there are no end contractions the 
sheet of water after passing the crest of a weir tends to expand 
laterally, except when IT is less than 20 feet, and the side-wills 
have usually been prolonged downstream of the crest, openings 
for free access of air beneath the sheet being left If tho sides 
are not so prolonged c will be increased about 25 per cent irhcn 

}I = and more or less as Jt is more or less It also appears 

that in such weirs moderate roughness of tho sides of the channel 
has no appreciable effect on the discharge 

For small weirs of triangular section in thm walls, irith tho 
apex a right angle, c has been found to bo 017 
7 Laws of Variation of Coefficients — The following lavs, 
goiernnig the aanation of tho coeflicient for complete contrac 
tion, arc apparent — 

(1) AMien the length of the weir is 21G feet or more, c is a 
minimum when / is equal to //or thereabouts, that is, vhen the 
section of tho stream is nearly square, and it increases as the 
section debates from a squiio The doMnOons arc all in 

the direction of increase in 
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(2) ^^^lcn I IS less th-in 216 feet deviation from the squaie 
section IS due to decrease in ^ The co efficient c does not 

increase with the dev lation, ai\d for the smallest weirs it decreases 

(3) Tor sections of the same shape £ is less as the section is 
greater 

(4) The value of c is loss or greater than for an orifice of the 
same size and shape according as the length of the vvcir is greater 
or less than 246 feet 

Laws (1) and (3) arc the same as for onfices and are due to the 
same causes As to law (4), having regard to the remarks made 
above (art 5) concerning the defective form of the vvcir formula, 
It IS clear that the two sets of co efficients could not be expected 
to agree Tho reasons for Hvr (2) arc not knovrn It is not 
certain that it applies to any except ver} small vreirs 

8 Flow when Air is excluded — With four vv cirs m thm walls, 
of heights 2 4G feet, 1 C4 feet, 1 15 feet, and 79 foot, further 
observations were made by Bazin, the access of air beneath the 
falling sheet being prev ented b> the closure of tho openings v hicb 
had boon left for that purpose The following statement shows 
the results noticed The pressures under the sheets were ob- 
served, and tho discharge was found to increase as tho pressure 
decreased 

An interesting point for consideration is tho conditions under 
which the different forms are assumed This is stated by Bazin, 
and IS shown m the above statement With weirs not exactly 
similar to those of Bazin, it may be difficult to sa} when tho 
various changes will occur, but it will at least be possible to 
foresee them and to take some account of them when thej do 
occur The occurrence of the form called ‘drowned underneath’ 
will obviously be affected bj the condition of flow in the down 
stream reach One lesson to be learnt is, that if complications 
arc to ho avoided and discharges accurately inferred the free 
access of avT under the sheet js essential 

9 Remarks — 

For A given wcir m a thm wall c ilecreases as H increases the effect of 
the end contractions increasing with II It has been stated that if the si les 
are given a slope of J to 1, e is constant for all heads the sloping sides 
having the effect of lengthening the weir as // increases This has howev cr, 
been proved to be true onlj for some weirs w hose length of crest did not 
exceed 1 foot In order that for ft given weir e may be constant for all 
beads the side is more likel) to be ctured than straight, and it is unliLel} 
that Its general slope w ill Ik* the same for w eirs of different length 
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Ileference 
to Fig 

^aIne gi\eE 
to Case li) 
Bazin 

Description of 
Case 

Conditions 
under which 
It occurs 

tffect on the Co efficient 
of Discharge, C 

lig 72 

Adherent 

sheet 

Sheet in con 
tact with weir 
and no air 
under it, or it 
may spring 

clear from the 
iron pUte, eu 
close a Bmol] 
volume of air, 
and then ad 
here to the 
plank, or it 
may adhere to 
the top and 
bevelled e<lge 
and then spring 
clear, enclosing 
air as m the 
case following 

Air parllj 
exhausted b} 
thew aterandat 
less than atmo 

* 

Under smal 
heads 

C roaj possibly exceid 
that for a free sheet b) 
33 per cent 

iiS "3 

Depressed 

sheet 

When case 1 
does not occur, 
or %\hen it oc 
curs and is 

C IS higher than for 
free sheet, beuirallj oulf 
sligbth, but It may bu 

30 percent Jiigherwheu 
* 1 - ' point of as 

m ‘drowned 

tig 71 

Fig 75 

Sheet 

drowned 

under 

ueatli 

Water uudtt 
sheet rises to 
level of crest 
and all air is 
expelled 

(a) Wateala 

<lulance 

(b) Hareew 
rnng/o-t 
of thtet 

When U Is 
further in 
creased so that 
JI » not leci 
than about 40 

When the 
fall li 

greater tfiau 
about JC 

1 

At hen the 
fall i/i-t-Z/s u 
not greater 

tlian about $ il 

For a gl'en 
head Hi the 
greatest value 
of U, l« Jff- 

Value '*t'>e 
of-^ or f 

So 1 19 OU t! e 

50 113 coefEcieiit 

00 1 09 for n free 

30 1 01 >Blieet end 

1 00 1 005 error the 

1 iO 03 case In 

1 111 00 <]uedion 

ito 05 ; 

The lei el of the tall 

walereirectHthL.liM.liarge, 

ami opproxlmately 

I=(H)5+ ('<■) 

hie aNoarti le IJ 
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Francis found that end contraction might be allowed for bj 
considering the length of the weir to be reduced b/ 20E, that is, 
by substituting {I— 2H) for I m equation 11, page 15 He 
found that with the formula thus modified, the co efficient, pro 
iided I is not less than 3H or is nearly constant, its nine 
being 620 to 624, and averaging 623 for heads ranging from 5 
to 19 inches Results obtained by this formula are liable to 
differ by I or 2 per cent from those of the ordinary formula vith 
Smith’s CO efficients Francis’ formula is specially mentioned here 
because it is well known 

Bazm, taking mean allies of il and », puts equation 45 (p S8) in the 
form 



But he admits that simplicity is obtimed at some expense of accuracy 
His aalue of n, as shown ahoae (art 5), is not correct, and this formula 
should not be used as a general one For Bazins own experiments it is 
fairly accurate, hut there is no use for it since bts co efficients e and C arc 

tabulated Bazin also stales that m may be taken as 405+-^^ being iD 

r»t ■« 

metres) and this agrees closely with bis aalues ofs, hut as these haac now 
been slightly alteted the equation does not agree with them 


Section III — Other Weirs 
10 Weirs with flat top and vertical face and back. — GciicnU) 
the Mater at B (Fig 76) holds hack that upstream of it, and the 
discharge is less than for a wcir in a thin wall under tho same 
head It is a soi t of drowned 
MCir, B being the tail water 
lea cl At /i tbeie is eddy ing 
a\ atcr "WTicn U is about 
1 6/r to being the 

top Midth — the sheet springs 
clear from the top, and the 
case becomes a avoir in a thin j-,o -7 
M all Rut if the sheet nc irly 
touches at C (Fig 77) tho m itcr giadually abstracts the air, uiid 
the sheet is pressed down, touches at C, and Q is slightly grc.itcr 
than for a m cir in a thin m lU Table x\ ii (prepared by Ftcley and 
Stearns) 6how» the corrections to 1 m 5 applied to r, the coefiicicnt 
for M eirs in thin m ilU, m oitlcr to gia e tho co cflicicnt foi w cirs 
avith flat top ind airtical f icc iml 1 ick Ihc lorrictions npjU 





'o+t‘-fl. (t‘) 

The rriull* ptml» thu fornuU «pT^ with ihr f>h»fnr*l ttMih* 
prnrfalJji wjJhjn 2 |'^r *<•»!-, IrtJt hr ihr wj Jihi pf f .'r, frpj, 
2 C2 f<f t, *n J 1 .11 feet ibc cm r nar .1 4 |>er cent Tlir\ 

aprrr v iih Fiele^ an 1 St^trn'* rr>u1ti w jihjn 1 nr 2 per ectil 
IMicn // wa« jnnr\»e'l to al>f>tji 2//’ the ihrei »jriti^ clrar, I ut 
if // wai jxi'liiilli Iciwcrr*! fb<* »hrei rrmamrtl clear till /Men 
ftl>oui 1 CJr IVtwccn ihete limitt u wu iin»taMc 1\hen the 
fliect»pnnpi clear the til oac formula of erune i* not iiccileal Tlie 
thick line* in the table mark **T the cwri aehrri II aeaa lc«< than 

mr ANhilt // aanc» from to 2//* the miio i max chan/c 

i I, ' ^ 

from ?*< to l-O" if the »hcci rcm-aimi ottachc<l lo the crest. 

1\ hen nir was cxclii led (lcprc?sc«| ami tlrowiict! ehcctfl occtirml 
umler Bomew-hat eimtlar condition* to iho«c with weirs in thin 
wall* Ilcmark* regarding them arc giacn in tabic xix Their 
occurrence Bometinics preceded ami eomelimes luctccdcd that of 
(IcLichmcnt of the sheet from the luck or lop of the weir, and 
rcndercil tbc conditions acr^ complicated 

11 Weirs with eloping face or back.— -Bazin’s chief results for 
aseirs of this class arc gtaen m tables zxt and xxii , and the 
* Trantatliont o/the Atntn<aH *'onctyp/Ctnl nyinurt, \o\ xlii 
G 



98 


HYDRAULICS 


Cornell results are included Table \\i contains the cases where 
the baclv of the weir was steep, so that the sheet generally sprang 
clear of it Apparently no air openings were left, and the adherent 
depressed and droiv ned sheets often occurred Table xxii shovrs 
the cases where the back slopes gradually In these last the 
stream flowing down the back is in uniform flow m an open 
channel "Weirs of this kind with back slopes about 10 to 1 are 
used on some large canals in India and termed ‘Eapids,’ the 
profile of the water sui-face being as sketched in Pig 68, page S3 
The flow at the crest is ^ irtually that of a drow ned w eir At the 
foot there is a standing wa\c (chap an art 11) 

In weirs of these classes there are several variable elements 
Pairs of cases in the tables can be compared in which only one 
element \ aried, so that its effect can be traced By studying these 
cases and the tables generally it will be seen that 0 generally) 
increases as the height of the weir decreases, as the top width of 
the weir decreases (but not so much for the greater heads), as the 
upstream slope is flattened, and as the downstream slope is made 
steeper For a wcir with slopes of face and back both 3 to I 
and sharp top, C has been found to be 51 and 43 for heads of 
2 5 feet and 10 feet re«peetncly 
12 Miscellaneous Weirs — For a weir made of planic with a 
rounded crest of radius A the discharge with head JI is about the 
same as for a weir in a thin wall with a bead 11 The folloinng 
table IS given by Smith ^ — 


;/ 

Values of ^ 

25 In 

^In 

vsiQssorn*-;/ 

•H-itr 

t 

116 

006 

004 

003 

166 

014 

015 

016 

217 


021 

018 

284 

oil 

029 

023 

351 

016 

02S 

•039 

41 

014 

028 

0t4 

40 

015 

■030 

052 


The chief results of the Bazin and Cornell observ atmns on rounded 
vrcirs are given in table ax 

_ • JItf trai lirf chap v 



wsnts 


00 



For a wcir formed entirely by literal contraction of tlio chinnol, 
and liaMtig a crest length of 2 feet to 6 feet (Fig 82, p 107), c is 
05 to *73 and C is 70 to ‘78, being greater for the larger sizes 

Kor»fftIl(rig «9) m which there is neither t raised weir nor a Utcrnl 
contraction there is no local 
reduction of the approach 
ing stream due to eddies 
or «alls, and therefore no 
local surface fall of the 
Lind ordinarily ocenmng 
The surface curae ii due 
to draw (chap d art. 11) 

If the tlopc is nottery 
steep the eurre extends W 

for a great distance 

If r II the >etocit} at DE near to BC, then 1' is both the velocity of 
approach and the vclocit} In the weir formula, so that 

Of Pss4c*2j^+|nc’P r^‘^5^*' 

It the channel i4 if bo supposed to be ^cry smooth or steep the water surface 
^(7 will be parallel to the bed, but there will always be a short length f7C7 
in which draw will occur Falls of this Lind occur at the ends of wooden 
troughs and ahoots They were used on one of the older of the great 
Indian canals, but the high velocity due to the draw caused such scour and 
damage that raised weirs had to be added 



Section IV — Submerged Weirs 
13 Weirs in Thin Walls — The following statement shows 
the chief experiments which hare been made 


Obstrrer 

Leoglb 
or W elr 

UiwUeam nea4 
tfl 

Dowcitreatn BesJ 
i/, 

Heistt of 
We)r 



Prom 

To 

Prom 

To 


Francis, 

Fteley and Steams, 
Bazin, . . 

l<et. 

11 

C 

6£G 

r«t. 

10 

33 

*19 

Feet. 

23 

•81 

1 49 

Feet 

24 

07 

79 

Feet 

1 1 

SO 

1 26 

Feet 

68 

32 

8 to 2 6 
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The weirs were all without end contractions The level of 


V D 
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Let be the discharge througl 
' H Ht. i*-t. 0-t 


the tail water was measured 
at hi (Fig 80), which is theor 
etically wrong, the surging 
of this water renders exact 
measurements difficult The 
CO efficients for submerged 
weirs are not, in most cases, 
well known, and exact results 
cannot be expected from 
them 

AB and j, through i»6 Then 
A M n/e>iLC> P 

'■ (49) 


qssCjljJlgS ff. 

If c has the same aalue for both portions, 

or q=d (h,+^ 
or }=c( 72^ 

The last two formiilx are those for an orifice liaamga height 
equal to the downstream head plus two thirds of the fill If 
there is velocity of approach 7f+n/tmust bo putfor If and//i+n^‘ 
for //:, but //, IS left unaltered 

Francis makes c = 921r„ that is, he multiiilics JI, in equation 
52 by 921 »Smith, discussing the expenments of liancisand 
Ftclc} and Stearns, and reviewing a previous discussion b> 
llcrschcl, substitutes 915 for 921 and recommends the formula — 

^ (Il+ith) ^ 915 //i+— ( *’*) 

This formula is for avoirs m thm walls avithout end contraction^ 
r, 15 the CO eflicient taken from table \m for the cqunalcnt wcir 
with a free fall (that is, the avciraaith n free fall giving the same 
discharge) and n is 1 13 Tho formula roa} lo applied to weirs 
with end contractions and the same coefHticnts used if -//| b’’ 
6ul)->tituted for / 

If Q is the discharge for a free wcir, and if //, rcniaiiH constant 
while the till water 18 raised by some cause operating in the 


( 51 ) . 

(52) 
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downstream retch, Q decreases \ery slowl) till iT, is about 
The discharge through is the same as before, while the 
tclocit} uiFCis altered m the ratio The relative dis 

charges are as follows, e being constant and \ clocitj of approach 
being supposed to be negligible — 


#,= oo 

25 33 

50 

CO 75 

°^JI= “OO 

33 50 

1 0 

20 30, 

(equation 52) =100 

97 4 95 3 

88 

77 09 

(equation 53) =100 

94 5 93 

84 

71 61 

Practicallj, this law is 

somewhat modified 

Let It bo supposed 


that for the free weir there is ample access of air As the tail 
water rises aboto the crest tbo air is shut out The under side 


of tbo sheet springs up to a somenhat higher let cl than the crest, 
but the surging of the tail water shuts out tbo air almost at once 
The sheet of water is pressed doirn, and the discharge instead of 
decreasing increases a little Practically it remains nearly con 
stant during a certain rise of the tail water and then decreases 
If the air passages become obstructed just before tbo tail water 
rises to the crest level, Q \nll begin to increase then, but this does 
not ncccssanly occur Xeitber equation 52 nor 53 takes account 
of the increase m discharge when tbo taiHiatcr rises above the 
crest If the air was shut out from the commencement, Q begins 
to decrease as soon as the tail water begins to rise See equation 
46, page 94 

Bazin uses the simple weir formula j=C7,t ^2j//, (nhere is the 
inclusive co-cfficient for the dreamed weir and iZ, the upstream 


the 'standard ^\eir,’ 3 72 feet high with a free fall and with the 
same bead //, His results arc as follows — 
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69 

74 

78 

81 

84 

87 

89 

90 

93 

96 

97 

60 

47 

58 

66 

71 

75 

79 

82 

84 

87 

89 

92 

94 

95 

■m 

45 

57 

64 

69 

74 

77 

80 

83 

85 

87 

91 

94 

94 

1 20 

44 

55 

63 

68 

72 

76 

79 

82 

84 

87 

90 

93 

93 

1 30 

43 

34 

61 

67 

71 

75 

78 

81 

84 

86 

89 

S2 

92 


• TM3 column shows wheatl e tsil wsUr is below the crest snd the stand og wore is 
st a distance (sit 8). 

Actually the ratio ^ is^ somewhat different with the wcira of 
different heights for the same values of and hut the error 


in the figure given is usually only 1 or 2 per cent , except for i cry 

small values of ^ and ^ and in these cases the ratio is always 
G G 

uncertain The values 1 05 in the first lino of the table agree 
with the figure obtained by equation 46 (p 94), when Zr,=0 If, 
for any given weir, G is supposed to be 1 0, tbo abo%o figure^ 

show ? for various values of II and 11^ In this case, for a giv eii 

V 

value of the figures are high when // is high This is duo to 

^clocltJ of approach, the standard wcir having been high 

Bazin’s figures may bo coropaTcd with those given on page lOl 
Take for instance the cases nhero IT,=~II 


^ VO 

50 

30 

10 

05 

".=no 

1 00 

GO 

20 

10 

e^ 

c» 

11 

87 

81 

7C 

74 


rho figures on 
p 101 arc 77 
and 71 
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Agiin for the case where /?»«-; 


p 

II 

i^l 

45 

G 


oa 

15 

0 


£f^ioo 

93 


(7 


in] 

The figures on 
05 1 p 101 are 97 4 
I and 94 5 
9CJ 


In the al>o>eca»c, where— =s 70, ^*=*2 10 nnd ~ or 

(r Ir A u + //| 0 1 

The e*ccssi\e ^cloclty of approach accounts for the high value 



Hazin found that nhen Jf is rciloccd to About 16(7 or •ZXQ, the ehect, 
instead of plunging beneath tho surface fFig 76)> suddenly assumes tho 
formabown mFig 60 (which be terms tho ‘undulating’ form, there being 
generally wares near if) but this does not afTect the co cfT cient If JI 
Is now gradually iacreasc<l, the undulating form remains till If is about 
'2S<? or *1^7^ but IS unstable or liable at any moment to resert to the 
other fonn 

14 Other Weirs — The results of Bum s obscrtations on tieirs 
of other kinds arc shown m tho following table Instead of 
giting tho co-cScicnt ratios Bazm gives the equivalent heads 
Tbo conditions of fiovi arc complicated in such cases, and formula) 
can probahly apply onl) with tho co-cllicjcnt varying to a great 
extent Tho height 11 ,, to winch tho tail water can rise before it 
begins to affect the discharge, varies greatly for different weirs 
For a weir in a thm w-all it is very small, and it is largest for 
vreirs with flat tops For the wcir No 5 m the table JI , was 
|//, For Weirs with a sharp top it v>as minus, zero, and plus 
for downstream slopes of 1 to 1, 3 to 1, and 5 to 1 respectively, 
tho flat downstream slope in the last case having the same effect 
as a large top width For weirs aiith flat tops CG foot wide, back 
slopes V arying from 2 to 1 to 5 to 1 , iZ i is nearly but when tho 

top was 1 32 feet v\ide II , was 
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Rflative Hpads on Submerged Weir 


rimensIoDS of the Weln I b 


D sebarges r«r foot run of 
atandaid W e r ta Tl In V, aU 
cubio metres per second 


'jer Down wdtl Up | 

stream in stream a 

Slope me Slope ” 


10 } 15 j -X) I 30 I ' 


I Weirs with slop ng face or bacV )\ 

. h* \ 14 18 27 36 

Itol 0 0 75 - 06l 14 19 27 36 //.<// for 

06 16 20 29 38 the gre-iter 

12 18 22 31 40 I Vdischarges 

24 35_ 43 and wlien 

A* 16 29 37 //jiSBinall 

Itol 2 4 to 1 75 12 17 21 29 

24 27 32 39 j 

I AT* 16 IT 31 42 \ 

or* in ^2 1 U 21 

5tol 00 cal 24 27 33 

I 36 40 45 

E* 17 22 31 41 

Ctol 2 4tol 7o 1" 33 4, 1 

36 I 42 f 


14 

18 

T2 

T? 

14 

18 

12 

ir 

13 

17 

Tl 

ITi 

14 

18 

11 

,, 1 

14 

1 


22 31 I 39 

28 34 41 


41 I /For small 

— , Uncivs"! 

ForKreater 
,, disci argci 

■“ — )ir, < II 

27 35 vlien/f]'* 

31 40 email n \ 

21 41 //, > II I 

27 1" nhcn/Zj*', 

23 larger 


19 27 17 

21 2S 
31 36 40 


t Till water below cr*»l and w 
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Hughes, ‘idopting equation Cl with n = l, has worked out* the 
^ allies of c for sicira Nos 5 and Con the alioio list, and the results 
condensed are as follows — 




WeIrSaS 



W*lr\o e 









per ifcood 

Ih 




ir. 









f 

122 

■Oil 

50 

no 

•000 

50 

■OCI J 

122 

091 

70 

123 

■090 

07 

101 

150 

S7 

135 

120 

85 

1 




1C3 

150 

74 


•23C 

lit 

Ct 

215 

•ooo 

5C 


•247 

•211 

81 

•219 

■oco 

50 

1C9 

•293 

■271 

84 

•220 

120 

03 





•233 

180 

74 





277 

240 

72 

f 

3S3 

•242 

C3 

301 

000 

01 

3Io] 

3C0 

303 

80 

307 

120 

03 

3<1C 

3C1 

88 

319 

210 

71 

1 




413 

300 

72 

f 

409 

300 

CS 




392 ( 

418 

3C0 

83 




\ 

f 

439 

389 

84 

382 

000 

05 

4SoJ 




384 

OCO 

03 




40C 

•240 

70 





442 

300 

CS 


It will be seen that c increases rapidly with //t, and apparently 
attains a maximum and then decreases 

The effect of a submerged weir aaries greatly according to the 
state of the discharge ith low water it may act as a free weir, 
and have great effect, for howerer small the discharge may be, the 
upstream water surface must bo higher than the top of the weir 
ith larger discharges the beading up is less, and with a great 
depth of water the weir may bo almost imperceptible 

15 Contracted Channels — These are (chap ii arts C and 19) 
analogous to submerged weirs The co efficients are a cry roughly 
known When an open stream issues from a reservoir, or from a 

* Aladras Government Paper on Bazins New Ezpcnments on Flow over 
Weirs 
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larger channel, or passes befcireen contracted banks, or bndgo 
abutments, or piers, c may have any value from 50 to 95, being 
smallest when the angles of the apertures are sharp and square 
(especially if there is a decrease in section both vertically and 
laterally), greater if the angles are chamfered or curved, and 
greatest when there are bell-months The co efficients are also 
greater for large than for small openings ^ 

When a bridge or other obstruction m a stream has a waterway 
less than that of the stream the real obstruction is generally much 
less than it seems to be It is to be measured, not by the 
difference between the waterway at the obstruction and that 
upstream of it, but by the difference m the upstream and down 
stream water levels This is very often inconsiderable A fall 
of I foot gives a theoretical velocity of 8 feet per second, and 
25 foot gives 4 feet per second Bridges are sometimes un 
necessarily altered or rebuilt owing to ‘obstruction* nhich is 
nearly harmless Heading up is most likely to bo considerable 
with high discharges, because the mean width of the channel is 
then increased, while perhaps that of the contracted place is not 
Thus the effect vanes in just the opposite manner to that of a 
submerged weir. 

The real objection to a contraction js very often the evpansion 
which succeeds it and the eddies and scour which occur (chap n 
arts 17 and 23, and chap vii art 1) 


Section V — Special Cases 

16 Weirs with Sloping or Stepped Side-walls — For awcirof 
triangular section the formula is obtained by putting 
? in equation 36 (p 71) Thus — 

(5i) 

Since I increases as Jl, m any triangular weir in which c does not 
vary greatly, Q is nearly as /fl, that is, it vanes much more 
rapidly than with an ordinary wcir If two weirs, one triangular 
and one rectangular, arc so designed (Fig 81) as to hold up the 
■vvatcr of a stream to a guen lead avith ordinary supplies, the 
triangular weir will allow doods to pass with a smaller bead 
This applies to any weir with sloping sides The triangular form 

* The CO cflicicnta for narrow opcnin{,a are, roufelilj , for p iinrc j icn, C : 
obtuse angleJ, 7 . cur\ ctl ami auitc, S lor wj Ur openings odJ 1 
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)i fcr *nall ilnint Ilrn»V>n/: th? of n wcir nl 

tor p»<Ti If^fl Ji}‘ (lip *il) honrnottl, arnl ntcnilmp llicm 
D*nwinl», lie n'c f f ll** «tier tlwrc />/* rin l»c hmiled 

s 

V 

r(«i. *1 




oltainc^l It jniltinp //.ert in r«|«itton (|> *1) Tb«s— 

The j^uinijif m the outer Inelet* ii ihe cre>i length of the 
equjralcnl onlmarj' weir Tbi» length u IcJ» ihin hecause 

the TcIxJly of ibc water at ibo l»oltom of the *eclion is greater 
than at the top If there u relocitj* of approach (Z/^+rA) must 
be put for J[ in Cf^uaiion ’»5, or else C put for r If r is the 
ratio of the side ilopci, that »*, the nlio of j-IH to />(’ then 
^^=r=cota, y//;r=rZ/'p=//'cola, and /,— f,= 2r/Z=2//cota 
Thus equation 55 may be written — 

Q^lC •JTrrJl^\h+ ^rll) (50) 

17. Canal Notehes --A common problem on irngation canals is 
to design a weir so that the water lc>cl8, Cf>, 1-F, etc (Fig 83), 
upstream of it, corresponding to different discharges in the 
channel of approach, shall bo the same as they would ha^e been 
if tho weir had not existed and the channel had continued uniform 
and uninterrupted If the cross section of the channel of approach 
13 trapetoidal, tho form of tho aperture will bo approximately 


108 


HYDRAULICS 


trapezoidal, and its crest will be at the bedle^cl of the canal 
Such a weir is termed a notch It is usually, for convenience in 
construction, built exactly trapezoidal and of the form shown in 
Fig 82, the lip being added to cause the falling water to spread 
out and exert Jess effect 


0 

J> on tho donnstrfi/im fionr 


In a largo channel two 


or more notches are built 

r/'TJy /Xy, 

’^7"}y side by side instead ot one 


very largo notch The 


CO efficients, so far as 

*)>//// 

known, are given in art 


12 If f7 is tho same 

Tia S3 

for all heads the true 


theoretical form of tho 


notch IS curved, the angles at (?, i’(Fig 82) being rounded The 
slope of the sides is great for small depths because the co efficient 
for flow in channels increases rapidly for small depths, but if C 
increases fast with the head at small depths, as is highly probable, 
judging from other weir co efficients, the form is more ncarJj a 
trapezoid To design the notch, find Q and y, the discharges (or 
the fractions of the discharges if there are to bo several openings) 
of tho eb'tnnel for U\ o deptis D and d Then from eqvation 50 

Therefor 
Or , - 

8 X ^ X 2g{p^d)CiC^dW 
_ _ C\Qii~CtqD* /jjrjv 

t 28(2?-«0<^',C',d5Z)l 

The depths d and J) can bo so selected as to make the notch 
special!} accurate for any given range of depth In irrigation 
canals (and stdl more m ihcir distributaries) there is a certain 
minimum depth, rf/ below which tho channel is not run In such 
a case it docs not matter if the notch is inaccurate for ilcptlis less 
than (1/ To make its accuracy a jnaannum for depths between 
and any greater depth, Di, the range of deptli should be divided 
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into fniir piTit «nl thr drptfi* »f »nl /> tAVcn al the quarter 
pfl nt« T1 Ji* if 

^ , ,l 


If prnrral arrurafx t» ro-jmrrl n»ef A ranpi* of ilrpth frnm rcro 
to J>,, 0 fti <ft= ^ ' An 1 The formula' art, however, mmt 

unjlc wj n Jis=-2i In lhj« cv|iutinn *'> l>ccome»— - 

~ 4 2‘^f7y V/l >^2^! 

j\2=ir-^S--> . (ro) 

12 lO'V.rf! 

Sulrtiuminp Itiil value cf r in r>7 

. 5 _ '•('•.(■-= '2''’.7) 

‘ jf, I2 10r,c,jl 

2 2C2f,7- (■f.0-<-2 2C:i",1 

12IOf.C,fl 

COjC/V'' ' ' 

If (\ ant] t, arc cvcli viiutncd to l»c rquvl to C, 

I2I0''J' 

An I , 2^C2i- Ki 

C-OKJl 


If it IS desired to liuild a notch tu the true form, thit is not 
fitnctl} trapcroidal, the loner part corresponding to a small depth 
in the channel mi} first he designed trapezoidal and the upper 
parts de«igncd in instalments, norkuig tipuards 

In deciding in u Inch direction a notch is to dcinte from the 
true form, and for u hat u iter levels accurac} is to ho aimed it, 
regard must be had to the special circumstances of the case If 
scour of the canal bed is feared or if there is difliculty, with low 
supplies, m getting enough water into the distributaries, the 
notch can be designed narrow 

If a notch is drowned its true form is modified In hig 82 let 
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DE be the upstream water level when the tail water is just leicl 
with the crest CF The portion CDEF of the notch obviouslj 
need not be altered As the tail water rises abo^e CF the 
discharge through the notch becomes gradually less than it 
would be for a free notch with the same upstream water Ici el, 
and the upper part of the notch must be widened as shown bj 
the dotted lines In this case also a trapezoid can be drawn so 
as to closelj agree with the true form As before, the trapezoid 
can be designed so as to give nearly exact discharges for any 
particular range of depths, or the notch can be designed to the 
true form as above explained The formulie for a droiviied 
notch are as follows For an upstream depth d let be the 
discharge through ADBG and j , through DCFE 

+C.^2g(d-/,XI,+>l,)h (04) 

For a greater discharge let D and Ff be the heights of AG and 
Eh above OF Then 

()=^C N/^(Z)-^5[;,+2rif+ 8r(Z)-70] 

+ C\ (65) 

If the upstream and downstream channels arc similar m all 
respects and Let D^2d Then 

d=si)— Zi and if=«Z+A Therefore 

<3=2(7, V^{<i-A)3[Z,+2r//+ 8r(d-;i)] 

+ ( 7 , ( 66 ) 

Subtracting 04 from 66 and putting C',=(78=C'and 6', =6', = 6', 

2g(d—h)^[2i^ 

+ C ^/2^(^[;,{//-/*)+r(//*-/i*)] (G7) 

from which r can be found, and can then be found from 65, 

Q and (?, being selected at such depths as to make the trapezoid 
most accurate at the points desired If E is not taken as 2il, or 
if 6', and C7, differ, the equation will bo complicated, and it maj 
be easiest to idopt the instalment process and design the notch 
to the true curie, aftcriiards straightening it if necessary 

18 Oblique and Inclmed Weirs — If a weir is built obliquely 
across a stream the discharge is that duo to the full length of the 
weir, provided the section of the stream passing oi cr the wcir is 
small compared to that of the stream at the approach section 
111 tins c.ise the vatcr npjiroaches the «eir nearly at right angle-* 
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But when the stream is m flood, or when, under any circumstances, 
the two sections become more equalised, the water passing oier 
the weir travels more nearly parallel to the axis of the stream, and 
the discharge o\cr the weir tends to become equal to that over a 
weir found by projecting the oblique weir on a planeperpcndicular 
to the axis of the stream By making a weir extend from bank 
to bank of a stream with its alignment aery oblique, so that its 
length projected on the axis of the stream is considerable, it can 
be made to offer less obstruction to floods, but its length is also 
increased so that it docs not hold up low supplies so w ell The 
problem of constructing a weir so that it will hold up low supplies 
and yet not form a serious obstruction to floods cannot usually be 
solacd by means of oblique avoirs The only solution is to baae a 
'moaable weir,’ that is, gates or shutters ovbich can be placed 
across the stream at times of low supply and remoaed or placed 
parallel to the stream in floods or high supplies 

^^ben the pkoo of a weir iq & thin wall, instead of being vertical, is 
inclined, the co efBcienta can be obtained by multiply ing that for a a crtical 
weir by a co ciCcicat of correction ct, whose a slue was found by Bazin to be 
as follows — 

Inelination of plane of weir-> 

VritreacD Domtieitn 

1 to 1, 3 to 1, 1 to 1 , aertical, ) to 1, J to 1, 1 to 1 2 to 1, 4 to 1 
Average > slue of c*— 

93 94 96 1 0 1-04 1 07 no 112 109 

The heights of the w cirs when vertical were 3 72 feet, 1 04 feet, and 1 15 feet 
The CO eiScient is a maximum when the weir is inclined downstream at 2 to 
1, that is, when the height of the crest above the bed is half the distance 
of the crest downstream from the base of the weir The weirs were without 
end contractions, and the head ranged in each case from about S3 feet to 
1 43 feet 


ExAlWlXS 

Example 1 — A weir in a thin wall is 25 feet long and 3 feet 
high, and If is 1 foot The channel of approach is 30 feet wide 
Find Q 

The crest contraction is complete, and the end contraction so 
nearly complete that no allowance need be made for it From 
table xia c is probably 612 From table xii j,=z3 275 Then 
Q’=25x3 275=81 88 cubic feet per second 

To allow for r by the usual method, = 30 x 4 = 1 20 square feet. 
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Let Q be assumed to be, say, 84 cubic feet per second Then 
From table i A= 0076 Let n=l i Then 
7ih=: 0101, 010 The corresponding correction in 

(iT+w/i)* and in Q is 1 5 per cent, and Q is thus 83 14 cubic feet 
per second 

To allow for i by table xm ^=^^^—4 8 "When c is 60 
a 2oxl 

Ca IS about 1 015 "When c is 61 is about 1 016 This makes 
C?=83 19 cubic feet per second 

Example 2 — A river 50 feet \\ ide has a maximum discharge of 
600 cubic feet per second, the depth being then 3 feet A iicir 
AMth a rounded crest (c= 80) is to bo built m the mer so as to 
raise the flood level by 1 foot AVhat must be the height of the 
crest above the bed ^ 

The discharge, j, per foot run of wor is 12 cubic feet per second, 
and table xu for css 80 gnes yr=s4 28 Therefore 

80 From table ii if4-n/i=l 99 feet But 

tsa3 0, and h (tabic i )= 14 foot Therefore, ii being 1 0, Ills 

1 85 feet, and the crest must be 2 15 feet above the bed The 
result 18 quite accurate, supposing that the channel downstream of 
the weir is altered for a long distance so as to gi\c a free fall oicr 
the a\ cir Otherwise the weir will be drow ned, //, being 85 foot, 
but judging from Eaiin’s results (art 14) with weirs baling a 
moderate top wndth and sloping back and face, the discharge will 
hardlj be affected, Jt. being only 46^7, Actually // would 
perhaps be I 9 or I 95 feet 

Example 3 — A rncr whose mean width is 50 feet, depth 10 feet, 
and mean velocitj 3 feet per second, has a bridge built across it 
Tho piers and abutments arc square, and the total width of the 
watcr-waj in the bridge is 30 feet Find the heading up caused 
h} the bridge 

Let c be 00 Since (? is 1500 cubic feet per second, and u is 

JOO, therefore 33 feet per second From tibloi 

300 X 60 

//■=1 OS feet nearly, but as there is high aclocitj of approach 
U Mill bo less, saj 1 0 foot Therefore 

./ = 50X 11 0=550 square feet, and t = Vja' = 2 73 feet per second 
hrom tabic i /(= 115 Ix!tn=l0 Then 7/+»di = l 115 From 
table 1 7^=8 47 feet per second, which is too grcit h\ ncarh 

2 per cent , and // is therefore less than 1 foot !»} 4 per cent , 
that is, it 18 9G foot 
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Example 4 — The depth of full supply in a canal is 5 feet The 
discharges anth depths of 4 feet and 2 feet arc 153 cubic feet and 
4C cubic feet per second rcspcctnelj Design a trapezoidal notch 
for a free fall in the canal The coefficient is GG 
From equation C2, page 109, 

^_ 153^2 828x4C _ gj 
12 lOX G6x2» 

From equation 63, page 109, 

,_ 2 2G2x4 6 ^4xl03^^,gt^^^ 

6 05x 66x2* 


Example 5 — A n cir m a thin wall is 4 feet high and II is 
1 foot The bed of the stream becomes filled up, so that the 
depth aboTC the weir becomes 2 5 feet instead of 5 feet, but Q is 
unaltered How is II affected t 

The ratios — iro 5 and 2 5 nearly From table xni , f being 

CO and n being 1 33, the values of arc 1 013 and 1 057, so that 
C 13 increased about 4 4 percent if //is the same //will therefore 
be less than before by § x 4 4 per cent , that is, it will be 97 feet 
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Tvblf XII — Values of or or 5 35f, (Art 1 ) 












%vEins 


ii: 


Table XVI— ComiciEvrs or Di'^ciiArcE, r, ror V’nn.s i\ 
Thin "Walls Aun/oir End Costtactio^s, but Fill 
C rEST COVTTACTION (Art C ) 
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Tables XIV and XV —Co efficients of Discharce, c, for 
Weirs in Thin Walls with Complete Contraction 
(Art 6) 


XIV — Ordinary Weirs 


Head 

Length of Weir in Feet 

Feet 










H) 


s 

s 

10 

19 

1 

0*^2 

039 

C46 

652 

653 

655 

656 

Is 

619 

62j 

C34 

638 

640 

641 

642 

2 

611 

618 

626 

630 

631 

633 

634 

25 

60o 

612 

621 

624 

e^b 


G09 

3 

601 

608 

GIO 

619 

621 

624 

C‘’5 

4 

595 

GOl 

609 

613 

615 

618 

B^O 

5 

590 

596 

Cdo 

COS 

611 

615 

617 

6 

587 

593 

601 

605 

60S 

on 

615 

7 

585 

590 

598 

603 

606 

612 

614 

8 



595 

600 

604 

Gil 

013 

0 



592 

598 

603 

609 

612 

1 



590 

595 

601 

60S 

611 

1 2 



585 

591 

597 

605 

610 

1 4 



580 

587 

594 

602 

609 

I 0 




582 

501 

600 


1 7 






590 

007 

2 



585r) 

1 





n«id 


XV— Sion Weirs 


Leoptb «f Wc r In Pe«t 
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Tables XVIII to XXII — Inclusui- Coefficients, C, fob 


Weirs 6 56 Feet Long ■without End Contractions 

Cs 

XVIII — IVeirs in Thin JFaUs (Art ) 



2 02 

3 28 674 660 651 G44| 642( C43| 645| 648j 650j 653| 6SG 

4 92 672 660] 650| 641] CSSi 6361 636) 636 636j 638 639 

6 56 I 672 650 650| 641 635 633 6321 632 632 632 632 


6i)8l bb.j 
640| 641 
632 ( 632 


XIX — IVetrs with Flat lops and Vahcal Face and Lari 
(Art 10) 















CHAPTER V 


PIPES 

[For preliminary information see chapter ii articles 8 to SI] 

Section I — Unifouji Flow 

1. General Information — In a uniform pipe, yiJ) (Fig. 84), let the 
length amounting to ti\ o or three times the diameter, be termed 


2 



the mouthpiece of the pipe At the entrance of the pijw a head -1,- 

must be spent in imparting momentum to the aratcr This causes 
a loss of pressure head onlv, ami not of total head In exchange 
for the loss of pressure the water obtains a \clocity head 4, > 

this is finally lost in the rcccuing reservoir, where the energj* 
jiossessed by the aratcr is wasted in eddies There is a!*o a loss 
in the mouthpiece depending on the co efficient of re«utance 
(chaju 111 art. G), and aarjing from about "OC in a bell* 
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mouthed, to about 


50 


r* 


in a cjlindnca! 


moutbpjccc 


This 


last occurs if the pipe simply stops short Hush i\ith the side of the 
rescr\oir without being spHyed out If the pipe projects into 
the reservoir, and ends without a flange, the loss of head is about 
93-^ The total loss of pressure head it the entrance of a pipe 

IS thus (1-px:^)^ where ; 


, aanes from 06 to 93 This loss of 


head IS the height FD The line of hydraulic gradient is FiG 

In equal lengths L , L , etc , the falls in the line of gradient or 
losses of head hj friction are equal If tho inclination of the pipe 
is uniform, as m A F", the line of Mrtual slope is straight, but not 
othenMsc Generali}, howe\er, the ^anatlons in tho inclination 
of the pipe in lengths L , etc , are not enough to cause great 
differences m the lengths of their horizontal projections, and the 
line of % irtual slope is practicall} straight Sometimes the length 
of a pipe IS so great that the loss of head at tho entrance maj he 
neglected m estimating H, and the length of tho mouthpiece 
in estimating i 5 is then found more easily The actual jiosi 
tion of the pipe is of no consequence The \jrtual slopes and 
discharges of the pipes AB, AF, etc, arc all equal, prOMclcil 
tho roughnesses, diameters, and lengths are equal If the pipe 
discharges freely into air, tbo a irtual slope is IF Pipes arc 
always assumed to be circular m section unless tho contrar} w 
stated 

If at any point the hnc of tbo pipe rises aboie tho Imo of 
the hjdraiilic gradient, the pressure is less than the atmospheric 
pressure At such a point air roaj bo disengaged from tlic water 
and tho flow impeded, the lino of gradient ?>cing shifted toll 
{loss of head at entrance not considered) and tho pipe J K running 
onl} parti} full If tho height MF is more than 31 feet the 
pressure becomes negatne and flow impossible The aboic refers 
to cases m which the aratcr is subjected throughout to ordinar} 


atmospheric pressure If the pressures on tho two rcscrioirs arc 
unequal the heads must be calculated (chip ii art 1) ami the 
gradient rj drawn according!} Arrangements must be made for 
periodicalU drawing off the nir which ncctimulatcs at ‘summits 
such ns 7» lying abo%o the gradient line 

■\\ ith small pipes a great increase in the temperature of tl c 
water incrca«cs the discharge Tlic following results bnic J>ccii 


found — 



rirrs 



1* l*ri Iff rf 

rir» 

1 tnfrf»»» In Tfi"i»T*l«f» ^ 

1 j 


1 

T 


'V 

1 1 

CO* 



1 5 


lJU* j 


- 

1 

fO* ' 

1 


I>i TT»«« if 


2' i«rr crnU 

8 p«T cent. ( r alwnt 8 ^) 
ln|«rcfnt(l *!>otitC'7)- 

l)iM:>iar{;e wm libl> 

{ncrr>*n! 


The prc'^ure in a r*r^» allowing for difTcrcncc in hcAtl, 
dccrcvcs romewhAt in going from th<* circumference to the centre 

1) I>c the iliamclcr of t pipe Then 7*' is ^ or hilf the 


Actuil rAtlnis Since the rcetionAl nrcA is as lf\ JJt as JJ), and 
since C* also increases with it, the <Ii»chsrge increases more rapidl) 
than It^ If two pipes arc nearly cfiual m diameter, their 
discharges anil he nearly as /)! Allowing for increase of i\ a 
pipe of 2 feet diameter will discharge nearly as much as six pipes 
of 1 foot diameter To double the discharge of a pipe it is onl^ 
necessary to increase the diameter by aliout 30 per cent Since 
f'lncreaies as ,JS, and 6' also increases slightly with S, the dis 
charge increases rather rooic rapidly than In order to double 
the ilischargc S must be more than trebled Doubling the slope 
increases the discharge bj perhaps 50 per cent For a giicn 
head H the slope is inicrecl^ ns Jt, and Q therefore increases 


more rapidl} than ft is dear that slight errors in measuring 

the diameter of a pipe, or an insufllcicnt number of measurements 
when the diameter larics — as it nearly aluays docs — may cause 
considerable errors in discharges or co-ctHcicnts 

All the ordinary proolcms connected with flow in uniform pipes 
can bo soiled b^ means of equations 14 and 15 (p 21), some 
directly and some by the tcnlatno process The problems referred 
to arc those m which one of the quantities Q, S and 1) has to be 
found, the others being given f^'can, of course, always be found 
from i) and Q uithout difficult}, or cither of those quantities from 
r and the other Pipes are gcnerall} manufactured of certain fixed 
sizes, and when the theoretical diameter has been calculated the 
most suitable of these sizes can be adopted, unless a special size 
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IS to bo made To facilitate calculations ^a^ous tables have been 
prepared The method of using them and of dealing vith the 
above problems will be clear from the examples gnen and the 
remarks vhich precede them 

2 Short Pipes — When the length of a pipe is not a cry great 
the velocity may be high the co efficient C may be outside the 
range of experimental data, and its value then can only he 
estimated For cases in which L is not more than 100/) the pipe 
may be treated as a short tube, and equation 7 (p 13) used 
The folloii mg values of c have been found — 


B&tioofL 

toD 

Co effle enti of D sej arge e 


Small Metal 
Pipes 

P pea of Un 
glazed Earth 
enware 
n atQetets 
2S5 foot to 
48 foot 

Bemarks 

O 

82 


With the earllienwaro pipes the 

3 

82 


discharge of two pipes la d 

6 

70 


side by side was 2 4 tines 

10 

77 


that of a single pipe So 

S5 

71 


great a differsDce wo 1 1 not 

31 


50 

have I eenex] ected Witt long 

37 5 


52 

nmes no s ich effect would 

60 

04 


occur The eo efBeients for 

53 


25 

these earthenware pipes are 

00 

60 


very irregular 

100 

55 




All the experiments were madcnitb small heads The shorter 
the pipe tho greater the proportionate loss of head at the entrance 
and tho less the variation of c for a proportionate increase in L 
Thus VI hen L increases from 25/ to 60L c does not decrease so 
much as when L increases from 50i to 100// 

3 Combinations of Pipes — If a pipe docs not simph connect 
two reservoirs, but is, say, a branch supplied from a larger pipe 
and itself bifurcating its discliargo can onl^ he ascertained bj 
tapping it and attaching pressure columns 

A\hen a water mam gives olT branches it maj undergo rcdiic 
tions in diameter Suppose that the conditions in sucli a mam 
aro to he determined wlien no water is bem^ drawn off bv tbe 
branches If the discharge of tho mam is known ll c loss of hes 1 
and gradient in each length can bo found Suppose however 
that onl> the total loss of head U Ja known Obviousl) the 





riPBS 


125 


gradient in any length will ho flatter as D is greater, and JS will 
be roughly as — or as or iTas Thus if the total loss 

J)t Li Lr JJ’ 

of head is known the loss m each length can be roughly found, 
the gradient being sketched and the discharge computed 
When greater accuracy is required let jy be an approximation to 
the average diameter of the whole mam With this diameter 
and gradient ^find an approximate discharge Q, and thence the 


velocities Fj, K, etc. Then for any length ij, C^JR^= 


Fi 

■JS 

The slopes iSft, 5,, etc , can then be found, and the losses of head 
are Xi S^, Sj, etc If these when added together are not equal 
to H the discharge O' must bo corrected When Q has been 
found accurately the diameter D of the equivalent uniform mam 
is known It is such as gives the discharge Q with the gradient 
If the above problem again occurs with tho same pipe, but a 

difibrent value of I/, there will be no difficulty, for P will be 
practically unaltered 
Let Fig 85 represent a mam of uniform 
diameter, and let its discharge be drawn 
off gradually by branches If the dis 
charges at M and are Q and aero 
respectively, and if the discharge is 
supposed to decrease uniformly along ■“ j.,o 85 
the whole length of the pipe, then the 

line of gradient will be a curve If x and y are the ordinates 
of any point in the curve, and yi and R are constants, Q^Ax 



But if C is supposed constant, Q=B JS=B 


(^J\ 

\dz) 


Therefore 


Integrating, 


When x=L, L*,and the mean gradient L* 


when x=L, 


dj 

dx 


is 


B‘ 


U, or the mean gradient is one third of the 


gradient at M The total loss of head is one third of what it 
would have been if the whole discharge Q had been delivered at 
N As C increases with S the fraction is really greater than one 
third 
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If m a branched pipe (Fig 86) the pressures at yi, S, C are 
known, the discharges can be found by assuming a pressure head, 
II, at D, and calculating the discharges Qj, Qi, Qs If Qi does not 



equal Cj+ftj then II must be altered and a fresh trial made 
may be plus, zero, or minus according to the direction m which 
the water flows 

Let E (Fig 87) be a water mam, EF a branch, and GK a 
pressure column, and let there be a three nay cock at G If no 
water is being drawn off" at F the water rises to a height A, 
determined by the pressure m the mam, whether GK or OF u 
open , but if water is being drawn off at F the height GK will ho 
less when GF is open If EFn a house scrMco pipe and GK a 
pipe rising to the ground level outside the house, then by means 
of a pressure gauge at K an inspector can toll, without entering 


the house, whether water is being used m it or not 

In a system of bifurcating pipes (Fig 88) such as that used for 
the w atcr supply of a toim, the pressure heads suflicicnt to force the 

< water to the required levels 
at various points, L, K, I . 
having been determined, the 
gradients corresponding to 
o imaginary pressure columns 
at these points can lie dravrn, 
‘ and the required discharges 
iio 8s yt> etc I being known, the 


diameters of the v arious pipes 


can be calculated Supjiosc the system to bo at work, then if the 
coiiMimption in a branch 10 is increased, the pressure head at / 
will Ik, lowercii and the branch /// will not I c ablo to obtain i s 
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estimated supply, unless lU conditions ire similar to those of FQ 
The Jotrenn/; of the presuiro at / causes nn inere-iscd discharge 
in LF, and a lowering at L, and thus more water is drawn in from 
the rcscTTOir, hut not to the same amount as the increase taken 
by FG Thus any cxccmuc cotistimplion tends to partially 
remedr il«clf, firstly hy presenting water l>cing forced to high 
leads in its ncighl>ourhood, and sccondlv, hy dramng more inter 
into the mam (Cf chap vii art C ) 

4 Beads. — For Iwnds in small pipes Wcishach found the loss 


of head to he 


r 

~3' 


i-or a Lend of fiO* iic found r, to be as 


follows, 

^= 1 2 3 4 ", 6 7 8 91-0 

n 14 16 21 29 44 CC 9S 1 41 1 9S 

ivherc 7? is the radius of the bend an<l r that of the pipe For 
angles other than 90' the loss of head docs not increase so fast 
as the length of the bend According to the a1)oao figures, the 
loss of head decreases as the mdius of the bend increases, and 
this MCW has generally been accepted But recent experiments 
made at Detroit with large pipes hr '\\ illiams, Hubbdl, and 
FcnkelH show that, anth largo pipes at least, the resistance for 
a bend of 20* decreases as the radius of the bend decreases, pro 
aided it does not fall below 2 or 24 diameters of the pipe The 
relative resi*tanccs seem to be somewhat as follows with a ncu 
iron pipe 30 inches in diameter — 


(1) 

(3) 

(3) 

(4) 

(6) 

H-dlc, ofM 
Curve 

L(B(tb o( 
Cur«e. 

IlrUtlT« Lmi of 
Ilf^daetorr* >t 
■nc« In • I^Dctb of 

1 foot of |> |>e 

ToUl RditlTi 
Loii or Ilrad In 
b«ail orm 

Lot, ofStad in 
same length of 
itnlobtppe. 

Fe*t 

4 

Tttt. 

63 

70 

44 

63 

C 

94 

48 

45 

94 

10 

15 7 

43 

CS 

157 

15 

23-0 

40 

94 

23 6 

25 

39 3 

31 

122 

39 3 

40 

€2 8 I 

23 

144 

62 S 

60 

94-2 i 

2-0 1 

188 

1 B4-2 

Btr&ight 


1-0 
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The resistance per foot ran of pipe decreases, though not icrj 
rapidly, as the radius of the bend increases, but oMing to the 
greater length of bend the total resistance increases with the 
radius of the bend 

The results of the experiments are not as exact as could be 
desired It was found that the straight lengths of pipes, adopted 
as standards for comparison with the bends, came themselves to 
some extent under the inQuence of abnormal velocity distribution 
due to bends upstream of them The velocities wore all measured 
by Pitot tubes and somewhat complex apparatus, and it is not 
certain that the results ate quite accurate (chap viii arts Hand 
15), but any errors of this kind must have affected all observations 
in very much the same manner, so that the relative results are 
hardly affected The diameters of the pipes were not measured 
at as many points as desirable The figures in the above table 
are not quotations, but have been arrived at from figures given 
in the paper They are only intended to bo approximations, but 
having regard to the great differences among the figures in column 
3, and to their regularity, the view of the cxpcnmcntcrs, that 
their proposition is true bejond a doubt, must bo upheld Some 
preliminary experiments made «Jtb 12 inch and 1C inch pipes 
gav e similar results "W hen the radius of curvature becomes ver} 
small the law no longer holds good This is perhaps because 
contraction occurs (Cf chap mi art 1 ) 

It IS also proved in the paper under rofcronco that when it 
13 desired to connect two straight portions, AL, hD (I ig 89), of a 
pipe by a 90* curve, a small curve 6/ 

^ .... c jt ,3 cheaper, because, although the lino 

^ is longer than AhGD, the cost of h} 

' ing pipes 13 much less per foot run on 

the straight than on curves 
' Jn a cross section a few /cot down 
stream of the termination of a 90 
(j degree curve of 10 feet radius in a 
p 30 inch pi {0 the miximum vclocit} 

^ was found with low velocities to Ic 
m the centre of the pipe, but it mov cd 
when the maximum vclocjti was 3 5 feet per second toailistanec 
from the edge of the pipe equal to about 20 of the diameter V 
further increase of 30 per cent in the velocity fade<l to shift it 
further ith curves of 15 feet and 10 feet radius its position 
was about the same 
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5 Belative Velocities in Cross Section —The \ clocities at 
different points m the cross section of a pipe have been obseiaed 
chiefly by means of the Pitot tube (chap vui art 14) Bazin, 
discussing some observations made by Darcy and some by 
himself on pipes, finds some previously proposed formula) to be 
unsuitable for general application, and arrives at two empincal 
equations — 

+ 27(-^) (i-i 10;^) } (08) 

r.-»=295r76|l-^l-0!l5^^yj (69) 

where V, is the central velocity, V the mean velocity, t the 
\elocity at radius r, R the ridms of the pipe, and Either 

of these equations gives a \cIocity cui^e which nearly agrees 
with the observed velocities, and both give r=s 74i2 as the dis 
tance from the centre ^vlicrc the velocity of the witcr is equal 
to y In a 30 inch pipe tho form of the %clocity curve has been 
found by Williams, Hubbcll, and Fcnkcll to be ver^ nearly a 
scmi ellipse Regarding tho ratio of V to tho central % clocity Ft, 
thoarious experiments made show somewhat conflicting results, 
and are not sufficiently reliable and numerous to enable tho ratio 
to be fixed with confidence Tho general tendency is for the ratio 
to increase with ^and also with the diameter of the pipe The 
following table has been compiled The figures must bo taken 
as showing probable and approximate values only, but arc likely 
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to givG better results than the adoption of a fixed ratio for all 
cases The range of velocities for which the figures are given for 
any pipe is approximately that for which experiments v\cre made 
By means of these ratios it is possible to deduce the probable mem 
velocity in a pipe by an observation at tho axis 

In the Detroit experiments above mentioned it was found that 
tho velocity ratios tended to become irregular with low velocities, 
and It was suggested, in the discussion on the experiments, that a 
point of ‘critical Velocity* (chap i art^ 1C) exists at velocities of 
about 70 feet, 30 feet, and 14 feet per second for tho 30 inch, 
IG inch, and 12 inch pipes respectively 

Section II — Variable Flow 

6 Abrupt Changes — The losses of head occurring at abrupt 
changes in small pipes have been found experimentally bj 
Weisbach, and are as below 

Abrupt Enlargement (Fig 4, p f») — The loss of head is 
the head due to the relative v clocity, but see remarks 

2 ^ 

m chap n art 18 

Abrupt Conlradion (Fig 3, p 0) — Tho loss of head (and also for 
a diaphragm (Fig 90) or for a contraction with a diaphragm) » 
chiefly caused by the enlargement from EF to il/jV, and is to ho 
found as above To find tho velocitj at 7 F divide tho vclociti 



no ea. 


at Why For a diaphragm (Fig 90) tho wines of f, v'CfC 
found to 1 c as follows — 

biBJJ =1 234 5G78910 

Area iJi , ^ 

f,= G24 032 G}3 659 G81 712 755 813 ‘<92 1*00 
These mav 1 1 accepted for the other 
}ll(ur{l lu 91) —The loss * f head is 

- ^ where ",s= 9IC siii* ^ +2 0% sm-^ 

Jg 
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The values of r, arc as follows:— 

20* JO* CO* 80* 90* 100* 110* 120* 130* 140* 
r,=r-04G -139 -304 -740 *981 1*260 1*556 1*861 2*158 2*431. 



PlO. »). 


Thus at a righ^angled elbow nearly the whole head due to the 
velocity is lost "WTierf two right-angled elbows closely succeed 
each other the loss of head is double that in one elbow if the two 
bends are in opposite directions, hut is no greater than that in a 
single cll>ow if the bends are both in one direction. 

Gale-Valcf (Fig. 92).— 

i : 5 ! 5 } J 

-,-=1-0 -048 -SJO -740 -GOa -400 -Sir, -159 

A 

r,»*0 *07 *26 *81 2*06 5*52 17*0 97 8. 

Where A is the sectional area of tho pipe and a that of the 
opening. 



Coeh (Fig. 93).— 
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33’ 

40* 

45* 
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'a'~ 
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•525 
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*75 

1-56 

3*10 

5*47 

9*68 

17*3 

31*2 

<f> = 

50* 

55* 
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65* 

82* 
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A~ 

•250 

•190 

•137 

*091 

00 






52*6 
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200 

486. 
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Throttle Valie (Fig 94) — 



PlO 9( 


10" 15" 20" 25’ 30" 35" 40" 45* 50" 

rt*-24 52 90 1 54 2 51 3 91 6 22 10 8 18 7 32 6 

^=55* 60" 65’ 70" 

r{=58 8 118 256 751 


In the last three cases z„ and Zt are multiplied by to gire 
the loss of bead 

It IS not at all certain that the above figures apply correctly to 
large pipes, and in fact it has been proved that some of them do 
not apply correctly For a gate in a 2 foot pipe z, has been found 
to bo as beloiv. 
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When loss of head duo to anj of the nbovo causes occurs, the 
lino of hydraulic gradient shows a sudden drop as at ^7//, I ig t*’', 
Its inclination is reduced, and Mjtli it the sclocit^ and discharge of 
the pipe If the local loss of head did not exist the slojic wouhl 
IfO KL The selocit} to be used in calculating the loss of head m 
that duo to KG and not AL If a second cause ojieratcs at .If the 
gnulicnt becomes KG , II If, ami tbc loss of bead (TU i* now 
less than before because the acfocity is less Thus the 
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head does not increase in proportion to the number of causes 
operating But where economy of head is desired, it is necessary to 
a%oid abnipt changes 
of all kinds, using 
tapering ‘ reducers ’ 
where the diameter 
changes, and curves 
of fair radius at all 
bifurcations or changes 
in direction 

It appears that the disturbance of tbe \elocity ratios due to 
abrupt changes may extend downstream for long distances Bazin 
found that the disturbance from the entrance contraction of a 
32 inch pipe disappeared at 25 to 50 diameters downstream, but 
disturbance due to cunes has been found to extend to 100 dia 
meters In the disturbed region the pressures, as indicated by 
pressure columns, appear to bo below normal, or at least to be un 
reliable In some important experiments on a C foot pipo^ some 
of the results are doubtful and probably erroneous, owing to a 
piezometer being placed just downstream of an abrupt change 

7 Qradoal Ohanges — 'l\^en a gradual change occurs in the 
sectional area of a pipe equation 1C, page 22, must be used At 
a point where tbe diameter of a pipe changes a tapenng piece is 
usually put in If the taper is gradual the loss of head m it from 
resistances is about the same as in a uniform pipe with the same 
mean > olocity 

The following are examples of accidental changes in the dia 
meters of pipes — 
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1-0 

0S3 

+ ■00051 

•993 

113 

•00312 

•OCr’Cl 

163 


* Tnn»a(Uon»t'/OitAri\<r\tnnSoc\*t}fo/C>rylE"7'n<t^* toLxttL 


jr 



Pa 95 


134 


inDBAULICS 


The figures m column 1 1 arc obtained from those in columns 7 md 
10 If the floir nere uniform the figures m columns 10 and 11 
would be the same, and the ratio of these figures to one another 
shows the error caused by assuming the pipe to be uniform If 
the fall h is observed, and Ffound from h and C, the lalue of V 
found will be erroneous in the ratio (neglecting the small lanation 
m C) of to that is, m the first of the cases shov n, hy 
about 8 per cent of the smaller figure If h and V are obsen cd 
(V being found, say, by measuring ^ in a tank) and Cis deduced 
the error in C will be similar to the above If h is not obsoned, 
but deduced from known values of V and C, then the percentage 
error is as shou n m column 12 The second and third cases show 
the same pipe with a ery different velocities, and it will be noticed 
that the percentage of error does not vary very greatly In the 
first case quoted the variation of the dnmoterfrom the nominal 
diameter is perhaps excessive and hardly likely to occur in practice 
With longer lengths of pipe the percentage of error will, of course 
be small, but sometimes observations arc made on short lengths, 
and It 18 clear that in such cases great error may arise, if the 
diameter is assumed to be uniform 
When the diameter of a pipe is reduced (Fig 9C) the >clocitj 
head in the narrov part is increased and the pressure head 



rc<Iiiccd The insertion of a portion like JCf in a pipe cause* 
>crj little loss of head if the tapcrn are 1 The ca'C 

similar to that t f a tompoimd tuW (ch j ") ** 
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small enough, the pressure there Mill fall bcIoM* the atmospheric 
pressure P,, and if holes arc bored in the pipe at this section no 
niter Mill flow out, but air will enter The pressures on the 
conicil surfaces ACDB and CDFE balance one another, and the 
water has no more tendency to push the pipe forward than it has 
in a uniform pipe 

ith the arrangement shonn m Fig 97, the orifices being 
made to correspond as exactly as possible, the water flons with 
icr} little waste into the second reserioir, and the head GII is 
slightly less than KL 
The pressure in the 
]ct KG is P,, and it 
makes no practical dtf 
ference whether this 
portion is enclosed by 
a pipe or not, so long 
as the head KL is kept no or 

the same 

If at CD (Fig 9C) another pipe is introduced, pumping can bo 
effected through it, as with the case of a cylindrical or compound 
tube 

When the hydraulic gradient of a pipe is so flat that the fall 
between two pressure columns would be too small to be properly 
obsened, the ‘Venturi Meter’ (Fig 9C) is adopted It consists of 
two tapering lengths of pipe with three pressure columns If 
the diameters, %elocities, and sectional areas at AB and CD are 
D, r, A and d, V, a, then (chap ii ) 



Also 

Therefore 


r* 


AU' 


Ig «* 2g 


To allow for loss of head m the tube a co-efficient c must be 
used, and 

( 70 ) 
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Tho figures m column 11 are obtained from those m columns 7 and 
10 If the floK Mere uniform the figures m columns 10 and 11 
would be the same, and the ratio of these figures to one another 
shows the error caused by assuming the pipe to he uniform If 
the fall h is observed, and Kfound from h and C, the aalue of V 
found anil be erroneous m the ratio (neglecting the small variation 
m C) of Jh to Jh', that is, m the first of the cases shown, by 
about 8 per cent of the smaller figure If h and V are obsen ed 
{V being found, say, by measuring ^ in a tank) and C is deduced, 
tho error m C avill be similar to the above If h is not observed, 
but deduced from knoavn values of V and C, then the percentage 
error is as shoaan in column 12 The second and third cases shon 
the same pipe avith aery different velocities, and it avill he noticed 
that the percentage of error does not vary very greatly In the 
first case quoted the variation of the diameter from the nominal 
diameter is perhaps excessive and hardly likely to occur m practice 
"With longer lengths of pipe the percentage of error avill, of course, 
he small, hut sometimes observations are made on short lengths, 
and it 13 clear that in such cases great error may arise, if the 
diameter is assumed to be uniform 
'When the diameter of a pipe is reduced (Fig 96) tbcaelocitj 
head in the narroaa part is incre^^cd and tho pressure head 



reduced The insertion of a portion hkc yWh in a pip® 
aery little loss of head if the tapers arc gradual The ca«e la 
similar to that of a compound tube (chap iii art 17) If 
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small enough, the pressure there will Wl below the atmospheric 
pressure P„, and if holes are bored in the pipe at this section no 
uatcr Mill flow out, but air will enter The pressures on the 
conical surfaces ACDB and CDFE balance one another, and the 
water has no more tendency to push the pipe forward than it has 
in a uniform pipe 

AVith the arrangement shoun m Fig 97, the orifices being 
made to correspond as exactly as possible, the water flows with 
^ ery little waste into the second reser^ oir, and the head GU is 
slightly less than KL 
The pressure in the 
jet KG is P„ and it 
makes no practical dif 
ference whether this 
portion IS enclosed hy 
a pipe or not, so long 
as the head KL la kept f,o or 

the same 

If at CD (Fig 90) another pipe is introduced, pumping can be 
effected through it, as with the case of a cylindrical or compound 
tube 

"When the hydraulic gradient of a pipe is so flat that the fall 
between two pressure columns would he too small to bo properly 
obsened, the ‘Venturi Meter’ (Fig 96) is adopted It consists of 
two tapering lengths of pipe with three pressure columns If 
the diameters, > elocitics, and sectional areas at AJi and CD arc 
D, t, A and d, F, a, then (chap ii ) 



Also 

Therefore 


^ + +// 

-9 ^9 

V* A'v* 






s/jy(//-A) 


To allow 
used, and 


for loss of head in the tube a co^flicicnt c must be 


(»=r 


An 

— a* 


(70) 
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The tops of the pressure columns at G and iT^iII be practically 
at the same level, and one or other of them may be used If 
the pressure at CD is less than the atmospheric pressure, the 
height hi measures the difference and this height must be sub 
tracted from In experiments made by Herschel with 
77 square feet, n= 086 square feet, and pressures at CJJ less than 
atmospheric, c usually ranged from 96 to 1 01 With J=57 8 
square feet and 0=7 07 square feet, c -v aned from 95 to 99, its 
value hang higher as the yeiocit^ was hwer The highest ye)peit^ 
at CD was Si 5 feet per second 

Section III — Co efficients 

8 General Information — The values of the co efficient G for 
pipes are not well known An iron pipe unprotected hy an inside 
coating of coal tar or asphalt generally becomes in time corroded 
and incrusted, but occasionally it is not so Much depends on the 
character of the water Incrustation may occur in a coated pipe 
if the coating is imperfect or damaged Severe incrustation tnaj 
reduce the discharge to almost any extent, say by 30 per cent m 
large pipes, and by still more in smaller ones, where not only 
IS the roughness increased but the diameter greatly reduced 
Definite co efficients cannot be given for incrustcd pipes, but only 
for new and clean pipes In a wooden pipe the co efficients may 
be reduced by organic growth, but on the other hand the wood in 
some cases has become smoother with use 

Besides the causes given in chapter 11 (arts 9 and 11 ) for discrep- 
ancies in G, It must be added that even if the pipe is uniform 
the diameter is often wrongly stated, the manufacturer s size being 
accepted It has been shown above that a slight difference m D 
has a great effect Errors m the measurement of Q D, and S niaj 
be in either direction (those in S and D, cspeci'diy of S, being 
greatest with low values of these quantities), but error arising 
from unsuspected or unrepoxted incrustation, or losses of head from 
' bends or other causes all tend to give low values of C Hcncc 
generally C as reported is likely to be too low and to be worst 
determined when S is small 

9 Values of Co efficients — Darcy obtained a set of co efficients 
v\bich vary from 93 to II3, as the hydraulic radius vanes from 
012 foot to I 0 foot Smith framed a much more extensive set, 
making C increase with both It and S lanninga co cflicicnts 
follow a similar law, hia values, however, sometimes agreeing witn 
Smith’s and sometimes falling short of them bj some 10 per cent 
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Smith’s values ire probably the more reliable, because of the 
greater attention which he gnes to the subject and the care with 
which he eliminated faulty or doubtful experiments, and this is, 
>cry likelv, why his figures arc higher Fanning’s co-efficients 
apply to cast-iron pipes, Smith’s to well made cast iron pipes or 
nreted sheet-iron or steel, all supposed to be coated, joints 
smooth, and cun es of fair radius The following statement gives 
an abstract of the co-cfficicnts* — 




llyilianlle Oradlenta. 


1 







Radios. 

10 

1 

toil 

lOoO 

10 000 


r»et. 


140 

137 

133 

Smith. 1 



13G 

133 

12S 

fanning I 

1-0 





1 



143 

135 

131 

Mean 


124 


101 


Smith. 


115 


104 


fanniDg 

*S3 







120 

113 

.04 

100 

Mean 






Smith. ^ 



101 

9C 


Fanning 

10 





1 


107 

101 

9C 




Recently Tuttoo ^ has investigated an immense number of pipe 
experiments, including nearly all considered before He adopts 
the formula VssCfR’S’ where Cy is constant for any one pipe 
The following are some of bis figures — 


Kind of Pipe 



. 

I<ew cast-iron (C I. ) or tarred pipe. 

126 toloS 

C6 

51 

Wood Btave pipe, 

129 to lo3 

66 


Wrought iron nreted pipe fW I ), 

127 to 165 

G2 

55 

Asphalt-coated pipe. 

139 to ISS 


o5 

Tuberculated pipe, 

31 to 80 

66 

51 


’ Fanning gn ea his co efficients in another form anJ not for the e^juation 
1 = C^fTs, but they have now been rcdaced to the above form 
* Jovmal of tht AisocAotxonof Eng\netrtK 3 Sowttts, 'ol nut. 
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The tops of the pressure columns at G and K will be practically 
at the same level and one or other of them maj be used If 
the pressure at CD is less than the atmospheric pressure, the 
height hi measures the difference, and this height must be sub 
tracted from h In expenments made by Herscbel with A=: 
77 square feet, a= 086 square feet, and pressures at CD less than 
atmospheric, c usuallj ranged from 96 to 1 01 "With ^=57 8 
square feet and a=7 07 square feet, c varied from 9D to 99, its 
value being higher as the velocity was lower The highest velocity 
at CD was 34 5 feet per second 


Section III — Coefficients 


8 General Information — ^The values of the co efficient C for 
pipes are not well known An iron pipe unprotected hy an inside 
coating of coal tar or asphalt generally becomes in time corroded 
and mcrusted, but occasionally it is not so Much depends on the 
character of the water Incrustation may occur jn a coated pipe 
if the coating la imperfect or damaged Se\ ere incrustation maj 
reduce the discharge to almost any extent, say by 30 per cent in 
large pipes, and by still more in smaller ones, where not only 
18 the roughness increased but the diameter greatly reduced 
Definite co efficients cannot be given for mcrusted pipes, but only 
for new and clean pipes In a wooden pipe the co efficients may 
be reduced by organic growth, but on thi other hand the wood m 
some cases has become smoother with use 

Besides the causes given in chapter 11 (arts 9 and ll)fordiscrep 
ancies in G, it must be added that even if the pipe is uniform 
the diameter is often wrongly stated the manufacturer s size being 
accepted It has been shown ahoi c that a slight difference m D 
has a great effect Errors m the measurement of Q, D, and S maj 
be in either direction (those in S and D, especially of S, being 
greatest with low values of these quantities), hut error arising 
from unsuspected or unrepoited incrustation, or losses of head from 
' bends or other causes, all tend to give low values of C Hence 
generally G as reported is likely to be too low and to he worst 


determined u hen S is small 

9 Values of Co efficients — Darcy obtained a set of co efficients 
Mhich\ary from 93 to 113, as the hydraulic radius lanos from 
042 foot to 1 0 foot Smith framed a much more cxtcnsne set, 
making C increase uith both It and S Fannings coefficients 
folIoi\ a similar law, his \alues, howcacr, eomotimcs agreeing with 
Smith’s and sometimes falling short of them by some 10 j)cr cent 
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great r\ngc of diameters and slopes, but no doubt many of them 
arc inaccurate and some perhaps uorthless On examining the 
diagrams of them it is seen that m many eases other indices of S 
would fit the results This, combined with the preceding remarhs, 
seems sufficient to show that the figures m the aboio table derived 
from his formula should be considered only in their general and 
mean aspects, and must be taVen generally as being low 

The largest pipes considcrwl b} Tiitton arcro 4 feet m diameter 
Some recent co-cfllcicnts for a 6 feet W I pipe arc some 20 per cent 
lo<!s than Smith's and Fanning’s, uhilc those for a C feet 1 in C I 
pipe arc 4 and 9 per cent m excess From these and Tutton’s 
figures It is reasonable to conclndc that C is Ion cr for W I pipe 
than for C I , and this may be due to the ns ct heads. For asphalt- 
coated pipes Tutton’s formula would give results some 10 per cent 
higher than for I For wood pipes the erpenments have so far 
been few, but base included diameters of G feet The coefficients 
seem to be about the same as for C I pipes The general eondusion 
IS that, though the v hole subject is in a highly unsatisfactory state, 
Smith’s co^Oicicnts—Kir Fanning’s for the small pipes, sihich Smith 
did not consider— are fairly reliable for clean C I or wood or 
coated pipes, and that for W 1 pipes 6, 10, or 16 per cent 
should be deducted, the deduction being smaller as D is greater 
Detailed aalucs of Smith’s and Fanning’s co efficients are giien in 
tables XXIV and xxi 

Kuttcr’s co-efficients (table xxix el $eq ) arc not lery suitable for 
pipes, C remaining unaltered uben S is increased aboie xinnr 
They agree generally, when N= Oil, with Smith’s, but gi'e too 
low velocities for small pipes and too high a elocities for large pipes 
mth small slopes (Cf chap ai art 13) 

For small tm and zinc pipes Fanning's co efficients are fairly 
correct For 2\ inch hose thej arc (airly correct when the hose 
is of linen and unhned, but they should be increased bj some 
25 per cent when the hose is of rubber or lined uith rubber 

Examples 

Explanation —The problem to be solved may be either to find 
the discharge in a pipe for which all the data are known or when 
the discharge and one of the quantities 1) or S are known to find 
the other In the first case the solution is direct, in the others 
(since H and C vary with D and S) indirect The methods to be 
adopted will be clear from the following examples 
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Tutton’s formulas and co efficients hai o been accepted by one 
recent writer, but on examination they lead to somewhat curious 
results \Vhen reduced to the Chdzy formula, Tutton’s co 
efiicicnts for iron pipes come out as follows — 






1 Sloies 

ItylrRull 

Kind of 


Co effcient* 

1 




iladlua 

P pe 


(C/) 

10 

luo 

lOUO 

lOOltU 





j Co efflc eat C in Cl fiy forn uli 

leet 

C I 

15S 

1 Hieheat 

156 

151 

148 

145 I 


tv I 

IftS 

j values 

147 

131 

116 

104 1 

1 0 1 

Mean 


1 162 

141 

132 

12j 


C 

126 

\ Lowest 

12J 

120 

118 

112 


W I 

127 

/ values 

n 1 

101 

SO 

80 


Mean 



118 

111 

104 

0t> 

[ 

0 

IV I 

IS8 

105 

IHigbest 
/ values 

124 

125 

121 

III 

118 

99 

IIG 

88 

J 

Mean 



125 

116 

109 

102 

-u j 

C I 

126 

ILowest 

DD 

OC 

94 

03 

1 

IV I 

127 

/ valnes 

OC 

85 

76 

IS 

1 

Mean 



08 

01 

85 

SI 


C I 

158 

I Hiebest 

107 

104 

102 

100 


W I 

IGS 

J values 

113 

99 

89 

79 


Mean 



no 

102 

96 

00 

10 

C I 

126 

1 Lowest 

85 

83 

81 

so 


W I 

127 

/ \al les 

86 

76 

C8 

61 


Mean 


1 1 

80 

75 

71 


Taking the highest values, it seems that in going from a steep to 
•v flat slope K decreases very much faster with a smooth "\V I 
pipe than With a smooth C I pipe This, though unlikcl), is 
conceivable But if both pipes arc roughened (roughening is the 
only apparent cause for lower values of C^), a similar law holds 
good, and F decreases faster for the rough "W I pipe than for the 
rough C -I pipe This is highly improbable Again for tuber 
ciliated pipO) which seems to include both kinds, V, if calculated, 
arould decrease slowly For asphalt it decreases rapidly For 
coal tarred and gaUamsed pipe Tutton makes /''aar^ ns S*\ that 
IS, C increases as 5 decreases, a result difTcrcnt from nn} hitherto 
accepted The results considered by Tutton coicr in each case n 
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great nngc of diameters and slopes, Imt no doubt many of them 
arc inaccurate and some perhaps worthless On examining the 
diagrams of them it is seen that in manj eases other indices of S 
would fit the results This, combined with the preceding remarhs, 
seems Bufficicnt to show that the figures in the .aboic table derived 
from his formula should be considered only in their general and 
mean aspects, and must bo taken generally as being low 

The largest pipes considered b} Tiitton arero 4 feet in diameter 
Some recent co-cfficicnts foraC feet "W I pipe arc some 20 per cent 
less than Smith’s and Fannings, avhilc those for a 5 feet 1 in Cl 
pipe arc 4 and 9 per cent in excess From these and Tutton’s 
figures It IS roasonahlc to conclude that C is low er for W I pipe 
than for C I , and this may be due to the n% ct heads For asphalt- 
coated pipes Tutton’s formula would give results some 10 per cent 
higher than for I For wood pipes the erpenments have so far 
been few, but haic included diameters of C feet The co-cfiicients 
seem to be about the same as for C I pipes The general conclusion 
18 that, though the w hole subject is in a highly unsatisfactory state, 
Smith’s co-cSicients — or Fanning’s for the small pipes, which Smith 
did not consider— arc fairly reliahlc for clean C I or wood or 
coated pipes, and that for "tt I pipes 5, 10, or 16 per cent, 
should be deducted, the deduction being smaller as D is greater 
Detailed aalucs of Smith’s and Fanning’s co efBcicnts are given in 
tables XXIV and xx\ 

Kutter’s co-efiicicnts (table xxix ft seq) are not a cry suitable for 
pipes, C remaining unaltered when S is increased above y^Vir 
They agree generally, when Oil, with Smith’s, but give too 
low velocities for small pipes and too high v elocities for large pipes 
with small slopes (Cf chap m art 13) 

For small tin and zinc pipes Fanning’s co-efficients arc fairly 
correct For 2Vinch hose they arc fairly correct when the hose 
is of linen and unbned, but they should be increased by some 
25 per cent when the hose is of rubber or lined with rubber 

Examples 

Explanation — The problem to be solved may be either to find 
the discharge in a pipe for which all the data are known or when 
the discharge and one of the quantities D or j? arc known, to find 
the other In the first case the solution is direct, in the others 
(since R and C vary w ith D and 5) indirect The methods to be 
adopted will be clear from the following examples 
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One advantage of the system of tables here adopted as com 
pared to some others, is that V always enters as a factor It is a 
distinct adi antage, m designing that the value of T , and not only 
of should constantly come to notice 

Example 1 — Using Smith s eo efficients, find the discharge of a 
W I pipe whose diameter 15 3 feet and slope 1 in 1000 

From table "^xiv , 0 is about 133 5 and F about 3 4 Smith's 
CO efficient for this value of F is 130, so that F will be about 3 6 
and (7 about 130 From table xxiii ^^= 866 From table xicvi 
(7^^s:112 5 From table xxviii F=3 56, which agrees nearly 
with the value assumed, and confirms the co efficient 130 From 
table xxm ^=7 07 Then ^=7 07x3 56=25 17 c ft per 
second Since the pipe is W I a deduction should be made As 
the pipe IS rather large deduct 10 per cent , making <2=23 65 c ft 
per second 

Example 2 — Using Smith’s co efficients, design a pipe to carry 
20 c ft per second, the fall being 10 ft in 5000 

Assume iP=:2 ft From table xxin ^=3 142 stj ft and 

707 'Also 37 ft per second From table xxi 

C=I29 From table xxvi C^J!=9} 2 This value does not 
appear in table xxviii , look out 182 4, vhich gives (for^ssytTr) 
Fs;8 16, F IS 4 08, which is too low, that is, the assumed 
diameter was too small 

Let D=2 5 ft From table xxui .4=4 91 and 791 
Also ft per second From table xx.^ 0=128 

From table xxvi £7 ^^=101 From table xxvni F'=4 52 ft 
per second iihich is too high The diameter 2 5 ft is thus 
slightly in excess of what is required To find the actual dis 
charge, 0 (for U=4 5) is 129 5, is 102 4, F is 4 58, and 

Q IS 4 58 X 4 91 = 22 49 c ft per second 

Since nearly, a S ft tin pipe mehl 

be too small 

Example 3 — A IJ ft Cl pipe has to carry a discharge of 
18 c ft per second AVhat will the gradient hcl Fanning* 
coefficient to be used From table xxni yf=l77 Then 
= 2 ft per second From table xxm 0~JJ7 and 

5= 020 ncail^ F rom tabic xxvii ^5=1414 Irom tabic xxm 
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jn=: 612 From table XXYI CJJi=^n 6and7l Gx 1414 = 10 23 
Therefore Ss= 020 is correct^ 

Example i —A pipe 2 m m diameter and 20 ft long connects 
two rcscnoirs, the head being 1 ft and the pipe projecting into 
the upper rcsctAoir Find the discharge, using Fannings co- 
efficients 

The pipe being short, the loss of head at entrance must bo 

allowed for This (art l)i8-r,=193— Suppose F" to be 4 ft 
-ff 

yt 

per second Then from table i — = 25 and r, is 48 This loss 
occurs m the length of, say, 4 ft, so that i=19 6 ft and 
5=1. '^^ 027 From table xxiv S= 040 is the slope which 

gi\ca 7'= 4 0, so that 7^ has been assumed too high 

Let T' be 3 5 ft per second Then 19, and is 37, and 

032 Table xxn does not gi\o this slope exactly, 
but evidently C is about 97 From table xxiii Jit is 204 In 
table ixTi looh out 408 Then (7 ^7. is ?£-5=19 8 The slope 

032 IS steeper than those in the tables Therefore calculate 
JS, which IS 18, and OjUS, which is 19 8 X 18, or 3 56 ft per 
second, which is near enough 

Example 5 — An open stream discharging 16 c ft per second 
is passed under a road through a syphon or tunnel of smooth 
plastered bnekwork of section 3 ft x 2 ft, which first descends 
10 ft vertically, then travels 80 ft horizontally, and again nses 
10 ft vertically, the bends being right-angled and sharp hat 
is the loss of head in the tunnel t 

Here 7^=^=4 ft per second There are 4 elbows of 90’ each 
That at the ent ^nce to the tunnel is opposite in direction to 
tie second total loss of head from tie eJiows js 

4x 984X— = 984 ft 
-9 

To find the approximate loss of head from friction let Fanning s 
CO efficients he used Then 7?= 5 Cssll?, S~ 0024 The fall in 
100 ft 13 24 ft The total loss of head is thus 98-h 24=1 22 ft 
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Table XXIII —Values op A and n for Cipcular Pipes 


1 Diameter 

Sectional 



RensrVi 


(D) 

Area (A). 

Badioa (X 

Fee 

Icche 

Siiuare Feet 

Feet. 





0013G 

0104 

102 



3 

00307 

0156 

125 



1 

OOS4S 

0208 

144 



If 

•00852 

0200 

161 



u 

0123 

0312 

177 



1? 

0107 

0304 

191 




•0218 

0417 

204 




0341 

0521 

228 



3 

•0491 

0625 

2o0 



4 

0373 

0333 

289 



5 

136 

104 

323 

J)iameiers not gittn in 


G 

190 

125 

354 



7 

8 

267 

349 

146 

ICO 

3S2 

408 

]arg;erdiasidter lookout 


9 

442 

187 

4S3 

! A lor half the diameter 


10 

545 

208 

229 

456 

1 andmttltiplFb74 For 

1 

0 

785 

250 

50 

a amaller diameter, look 

1 

1 

922 

271 

520 

out A for double the 

1 

3 

1395 

292 

540 

diameter aad divide h} 



1 227 

313 

559 

1 

4 

1 396 

333 

577 

4 To find for a 

1 

S 

1 576 

354 

595 

larger diameter, look out 

I 

6 

1 767 

376 

612 


1 

7 

8 

2 181 

390 

417 

629 

646 

diameter and multiplf 

1 

9 

2 405 

437 

662 

by 2 For a amaller 

1 

10 

2 640 

3 142 

458 

677 

dianaeter, look out 

2 


3 687 

542 

736 

for 4 times the diameter 

2 

4 

4 276 

583 

764 

and divide b} 2 

2 

C 

8 

4 909 

5 585 

625 

667 

791 

817 

Cirndar CAanne/i not 


10 

6 305 

70S 

841 

/k// For a ebtnnel of 

3 

0 

7 007 

750 

866 

circular section running 

3 

3 

3 

6 

8-296 

9 621 

812 

876 

901 

935 

half full, A IS one half 

3 

9 

11 05 

937 

967 

of the value m the 

i 

0 

12 57 

10 

10 

table, and ** 

4 

6 

0 

15 90 

19 64 

1 125 

1 25 

1061 

1 US 

same as m the Table 

2 

6 

23 76 

1 375 

1 173 


G 

0 

28 27 

1 50 

1 225 


G 

C 

33 IS 

1 OSI 

1 275 


7 

0 

38 43 

1 75 

1 323 



C 

44 18 

! 875 

1370 


8 

0 

50 20 

20 

1 414 


8 

6 

50 74 

2 125 

1 458 


3 

0 

03 02 

2 25 

15 


0 

C 

70 88 

2 375 1 

1541 1 


in 

0 

78 54 

2 50 1 

1 -SI I 
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Tables XXIV. and XXV —Co-piticifnts for Pipes corpf 
SPOSDINO TO GI\£N DIAMETERS AVD VELOCITIES (Art 9) 

The emill figures In UWe show, nearly, the slopes which give the 

telocities entered In the heading, and the^ can be used to show the 
approximate slopes when the co efficients in table xxv are used 


XXIf^ -^Fanntn/f’a Co-fjficienls 


DU 

% rlocttlre In Feet j'er SeensiL 

oTp)^ 

1 

•5 

■ 1 = 

> 

< 

. 

10 

IS 

*0 












i 

43 

SI 

76 

87 

93 

04 

96 

100 

102 

103 

i 



•otr 

SM9 

DM 

M7 

DM 

DS 


50 

75 

79 

86 

93 

96 

98 

101 

103 

104 




«3J 

DM 

lit 

tiJ 

D* 



1 

73 

77 

81 

89 

94 

04 

98 

102 

104 

105 







DM 

m 

47 



n 

77 

61 

SC 

90 

94 

96 

100 

102 

104 

105 





DM 

DM 

D.* 

1*0 

D2 




85 

S3 

90 

94 

96 

93 

101 

104 

106 

106 





DJO 


«4d 

D * 

•03 



3 

89 

92 

93 

96 

98 

100 

102 

105 

106 

106 





Dfl? 

DM 

•0*1 

036 

143 




93 

93 

95 

97 

100 

102 

103 

IOC 

108 

108 





Don 


D19 

D39 

107 




94 

95 

97 

100 

102 

103 

106 

108 

109 

111 





0032 

D(ro 

Dl» 

D"6 

0 0 




96 

97 

99 

102 

101 

105 

107 

no 

112 

113 

Feet. 




•00*1 


DOST 

DM 

D50 




98 

100 

102 

105 

106 

108 

110 

114 

115 

lie 

1 5 




DOIS 

D03® 

D034 

D12 

DS2 




104 

106 

109 

111 

113 

114 

U7 

118 






D09* 


D034 

tw 4 

D20 



2 
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Table XXVI — Conltnued — ^Values of GJR for ^ArIous 
Values of G and 

For a, \ aliie of 0 lower than 90 look out double the value aud halve the 
result * 

For a value of (7 o\ er 1 40 look out half the value and double the result 


\ alues 









1 




S59 

5“7 

s»s 

012 

C«9 

046 

052 

677 

70' 

90 

50 3 

51 9 

53 6 

55 1 

56 6 

581 

50 6 

60 9 

63 6 

91 

50 9 

52 5 

54 2 

55 7 

67 2 

58 8 

60 2 

01 6 

04 3 

92 

51 4 

531 

54 7 

56 3 

579 

59 4 

60 £ 

02 3 

63 0 

93 

52 0 

53 7 

53 3 

57 9 

58 5 

CO 1 

01 6 

03 0 

05 8 

94 

52 5 

54 2 

55 9 

57 6 

591 

607 

62 2 

63 6 

00 4 

95 

531 

64 8 

56 5 

581 

69 8 

01 4 

62 9 

04 3 

67 2 

96 

53 7 

55 4 

57 1 

58 8 

60 4 

62 0 

63 6 

05 0 

07 9 

97 

54 2 

56 0 

57 7 

59 4 

CIO 

02 7 

64 2 

65 7 

08 6 

98 

54 8 

50 6 

58 3 

60 0 

01 6 

03 3 

64 9 

60 3 

09 3 

99 

55 3 

571 

58 9 

60 6 

62 3 

04 0 

65 5 

07 0 

70 0 

100 

55 9 

57 7 

59 5 

612 

62 9 

C4 C 

06 2 

07 7 

70 7 

lOl 

56 5 

68 3 

COl 

618 

63 5 

65 3 

CC9 

08 4 

714 

102 

67 0 

68 9 

00 7 

62 4 

64 2 

05 D 

67 5 

091 

721 

103 

57 6 

59 5 

01 3 

63 0 

64 8 

60 5 

68 2 

69 7 

72 8 

104 

68 1 

COO 

01 9 

63 6 

65 4 

07 2 

68 8 

70 4 

73 <) 

103 

68 7 

00 6 

02 5 

64 3 

66 0 

07 8 

095 

711 

74 2 

106 

50 3 

012 

031 

64 9 

66 7 

68 5 

702 

718 

749 

107 

59 8 

61 7 

63 7 

65 5 

C7 3 

69 1 

70 8 

72 4 

75 7 

I OS 

00 4 

62 3 

04 3 

661 

679 

69 8 

715 

73 1 

76 4 

log 

00 9 

02 9 

04 9 

06 7 

G8 6 

70 4 

72 2 

73 8 

77 1 

no 

Cl 5 

03 5 

05 5 

67 3 

69 2 

71 J 

72 8 

745 


111 

02 1 

04 1 

06 1 

67 9 

69 8 

71 7 

73 5 

75 2 

78 ^ 

112 

02 6 

04 0 

66 G 

68 5 

70 4 

72 4 

74 1 

75 8 

792 

114 

63 7 

CoS 

07 8 

69 8 

71 7 

73 6 

75 5 

77 - 

80 6 

116 

64 8 

GO 9 

69 0 

71 0 

73 0 

74 9 

76 8 

78 5 


118 

CC 0 

OS 1 

70 2 

72 2 

74 2 

76 2 

78 1 

79 9 

83 4 

120 

67 1 

69 2 

71 4 

73 4 

75 5 

77 5 

79 4 

81 2 


122 

OS 2 

704 

72 6 

74 7 

76 7 

78 8 

80 8 

82 6 

86 3 

124 

69 3 

71 5 

73 8 

75 9 

78 0 

801 

82 1 

83 9 

87 7 

126 

70 4 

170 y 

75 0 

771 

79 3 

81 4 

83 4 

85 3 

89 


71 6 

73 9 

76 2 

78 3 

805 

82 7 

84 7 

80 7 

90 

130 

72 7 

75 0 

774 

79 6 

818 

84 0 

86 1 

88 0 


132 

73 8 

70 2 

78 5 

80 8 

63 0 

85 3 

87 4 

89 4 



74 9 

77 3 

79 7 

82 0 

84 3 

86 0 

88 7 

00 7 

94 7 


70 0 

78 5 

80 9 

832 

85 5 

87 9 

90 0 

92 1 

9C 2 


77 ’ 

79 0 

82 1 

84 6 

86 8 

89 I 

91 4 

93 4 

97 6 

no 

78 3 

808 

83 3 

85 7 

88 1 

90 4 

92 7 

94 8 




liras 


14; 


Table XXVI — ConUnvfd — Values oi CJJI iur \akious 

VaLLFS 01 C AN» Jll 

lor A \alQC of C lower thin lOO look oat double the value and halve the 
reaolt. 

For a valae of C over ICO look out hiU the value and double the result 
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Table XXVI — Cbnimued — Values of CJU for various 
Values of G and JE 

For a value of Q lower than 100 look out double the value and halve the 
result 

For a value of G over IGO look out half the value and double the result 
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Tabit XXVII — Values OF iS A^D 

(For tteep ilopei not inclnded to Toble xxviir ) 

To iinJ t/S for a iteeper slopo, look out a ilopo 4 times as flat and 
multiply V5by2 Thnt, for ) mCO, «,/5>s 07071 x2= 14142 


Slope 

lie 

rill per Tool 

at a 

VS 


Fill per Fool 
or 5 

VS 

100 

■010 

1 

230 

004348 

■06594 

105 

■009523S 

09759 

240 

004167 

06455 

no 

■009091 

095346 

250 

004000 

06325 

115 

■OOSG9G 

093250 

260 

003347 

06202 

120 

•OOS333 

091297 

270 

003704 

1)6086 

125 

008 

■089442 

2S0 

003571 

05976 

130 

007C92 

03771 

290 

003448 

D5872 

135 

•007407 

03607 

300 

■003333 

05774 

140 

007143 

09452 

310 

00322C 

05630 

145 

■000997 

•08305 

120 

003125 

05590 

150 

00CQ07 

•09165 

330 

■003030 

OjSOS 

15o 

•OOG452 

08032 

340 

002941 

05423 

160 

•OOC23 

■07006 

350 

002857 

05345 

165 

00GO61 

■07785 

360 

■06278 

05271 

170 

•005382 

•07670 

370 

002703 

05199 

175 

005714 

07559 

380 

002632 

05130 

ISO 

0055SC 

•07454 

390 

002564 

05064 

185 

■005405 

•07352 

400 

0025 

05 

190 

00o2C3 

07255 

420 

002381 

04880 

195 

■005128 

•07ICI 

440 

•002273 

04767 

200 

■005 

07071 

460 

002174 

D4661 

210 

0047C2 

00901 

480 

00"083 

04564 

220 

004545 

06742 

500 

002 

04472 


Xote lo talle iruu — This table shows Talnes of F for given values of 

The first line of the heading shova the third line ^JS The figures in 
S 

brackets show the amount by which ~ must bo altered to alter and J 

by 1 per cent Thus for 5= tbe elopes yi't- 1 n'rr gi^e I 1 per cent 
more or less than in the table ¥orOJB=l0S, Fis232 anl 2-28 feet per 
second 
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Tarle XXVIII — Continued 




CHAPTER VI 


OPEN CHANNELS— UNIFORM FLOW 


[For prehmmary informatioa see chapter n articles 8 1C and 22 24] 


Section I— Open Ciiannels in Genekal 

1 General Remarks — Umform flow can take place only m a 
uniform channel Strictly speaking, a uniform channel is one which 
has a umform hed slope, and all its cross sections equal and similar , 
but if the cross sections, though diflermg somewhat m form, as in 
Fig 98, are of equal areas and equal 
wet borders, the channel is to all intents 
and purposes uniform, provided the fom 
of the section changes gradually The 
term ‘uniform channel* will be used in 
this extended sense * Breaches of uni- 
formity m a channel may bo frequent, and the reaches m which 
the flow IS \anablc may be of great length The flow m a unt 
form channel is thus by no means everywhere uniform Bends 
are for convenience treated of m chap vii , but flow round a bend 
may be uniform Thus a uniform stream need not bo assumed to 
bo straight It will be seen hereafter {chap vii art 1C) that 
nearly c\crything which is true for uniform flow is true, with 
some modifications, for variable flow 
The mean depth D (Fig 99) of a stream is the sectional area 
A divided bj the surface w idth /f 
Since A—l>Jf'=IlU, therefore the 
hydraulic radius is less than the mean 
depth in tho same ratio as tlio surface 
width IS less than the border This 
wall often assist in forming an idea of tho hydraulic radius The 
greater the width of a stream in proportion to its depth, and the 

* If H vanes In the opposite manner to S the flow may I>o nnlform In a 
variable channel, but this is very rare 
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fevrer the undulations m the border, the more nearly ^\ill the 
surface-width approach to the border and the hydraulic radius to 
the mean depth If the depth of Mater in a channel alters, the 
hydraulic ndius alters in the same manner When the water- 
le\el rises A increases faster than /T, and U therefore increases 
W 

but decreases (unless the side slopes are flat), so that II 
increases less rapidl} than D For small changes of water level 
R and D both change at about the same rate 
2 Laws of Vanatioa of Velocity and Discharge — For orifices, 
weirs, and pipes it was possible to describe m a few words the 
general laws according to which the velocities and discharges 
vary, but for open stream it is not so One law is simple, and 
that IS, that for any channel whatever V and Q are nearly as ^ S 
To double K or (? it is necessary to quadruple S For other 
factors it IS necessary to consider the shape of the cross section 
For a stream of ‘shallow section,' that is, one in which TT 
greatly exceeds i), a change in /Fhas hardly any effect on R or 
on V, while Q is directly as //' Also R is very nearly as D For 
depths not very small C is approximately as so that V is as 
In this case, if D is doubled, V is increased in the ratio 1 39 
to 1 On companng velocities, taken from tables, for channels 
from 8 to 300 feet wide with sides vertical, or 1 to 1, and with 
various velocities, the actual ratio is found to vary from 1 52 to 
1 73 If the sides arc steep A is nearly as D, and Q therefore as 
I)^ or thereabouts For a stream of 'medium section' — that is, 
one in which TF' is 2 to 0 times D — with vertical sides A is as D, 
and for moderate changes of water level and depths not very small 
Fis nearly as so that Q is as Both these kinds of section 
are extremely common A flattening of the side slopes may make 
Q vary as J?" If a stream has vertical sides and a depth far 
exceeding its width — a rare case — the effects of W and D arc 
reversed For a triangular section — used for small drains — R is 
as D, A as i?", C prohal ly as and Q as 

For other kinds of section no definite laws can be framed, but 
the effect of D is nearly always greater than that of TT, so that D 
is the most important factor in the discharge, especially if the side 
slopes are flat, and S is always the least important factor 

If tM 0 streams hav c equal discharges, and have one factor m 
the discharge equal, the approximate relation between the other 
two factors can be found I et two streams of shallow section 
have equal slopes, and let one be twice as deep as the other The 
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latter must be (2)^ or 3 2 times as wide as the first This law is 
nearly the same as for weirs When two reaches of a canal hai e 
different bed slopes, but equal and similar cross sections, the 
depth of water is, of course, less in the reach of steeper slope 
If the discharge is approximately as the depths in the two 
reaches will be inversely as the fourth loots of the slopes The 
velocities are inversely aa the depths, and are, therefore, as the 
fourth roots of the slopes A change of 40 per cent in the slope 
will cause a change of only about 10 per cent in the velocity, 
and a change of the same proportion, but of opposite kind, m the 
depth of water When the changes in the two factors are 
relatively small they are inversely as the indices m the formuls 
Suppose a stream of shallow section with depth 1) and slope S 
gives a certain discharge Q Let D be increased by a small 

J) SS 

amount ^ Then the compensatory change in S will bo — 

This principle may bo applied in designing a channel to carrj a 
given discharge, whenever for any reason it becomes necessary to 
make a slight change in the value first assumed for any factor 
The discharging power of a stream can be increased by m 
creasing the depth of water, the width or the slope, the last being 
often effected by cutting off bends The efficiencies of these 
processes are in Che order named In any channel having sloping 
sides both V and Q are more increased by raising the surface level 
than by deepening the bed by the same amount It follows tint 
embanking a river is more effective than deepening it for m 
creasing its discharging power and enabling it to carry off floods 
It IS in fact the moat effective plan that can be devised 

In clearing out tho head reaches of Indian inundation canals — 
so called because they flow only for a few months, when the riveis 
are sw ollen — it used to be the custom to place the bed rather high, 
at tho off take, in order to obtain a good slope Of lato years it 
his been the custom to lower tho bed giv ing a flatter slope hut a 
greater depth of water The velocity is about tho same in both 
cascs^ the increase m depth making up for the decrease in slope, 
but the lowered bed of course gives a grcatl) augmented ili'cliar^o 
On tho other hand, the lowered bwl must cause the introduction 
of water more hcivil} chargcil with silt Worcover, tho ntio of 
depth to velocity in the canal is greater than before, md tlm 
{chip iJ art 22) tends to cause inert iscd deposit Under tho old 
system of high beds the hcids of the canals sdted more or less 
It has been impossible to find out whether more silt has actually 
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dcp«MtC(l Fincc the jntnxlucfion of the lowlc^cl P^stem, bccnusc, 
owjnp to clntigc^ ni the cotirfc of the nver, the fame head chnnncl 
ts sold )m cleiml for fctcrnl \cini in nacccs^ion, *ind also l)ccausc 
the qumtitr of »ilt <leposile«1 depends on other factors, such as the 
po<ition of the head, a canal taVen off from the liighU silthdcii 
matn stream silting more than one taken from n side channel 
Oliioudi the tendency of the loir hed is to silt more than the 
high one, Iml the ororsl that can happen is its silting up till it 
asmmes the IcicI of the high one This takes time, and while it 
IS going on nn incrca«ed discharge is obtained 


Section II — Srrctvi Fonais ot Ciivsnel 


3 Section of *Bcst rorm.'— A stream is of the ‘best form’ 
when for a gtacn sectional area the liordcr is a minimum, and the 
hydraulic radiuo, therefore, a maximum The aclocity and dis 
charge arc greater than in am other stream of the same sectional 
area, slope, and roughness The form which complies with this 
condition is a semicircle whose diameter coincides with the line 
of water surface This form is used in concrete channels but not 
often 111 others, because of the diflictiU) of constructing curred 
surfaces Of rectilineal figures the best form is half a regular 
polygon. The greater the number of sides the better, but in 
practice the form of section is usualh restricted to that hating a 
bed let el across and two sides t ertical or sloping The best form 
for tertical sides is the half square (Fig 100), and for sloping 
sides the semi hexagon (tig 101) If the angle of the side 
slopes IS fixed (as it general!) is) at some angle other than CO*, 
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the be<st form is that in winch the bed and sides a re a ll tangents 
to a semicircle (hig 102) The bed width is Z>( ^'^n’ + l—^) where 
n IS the ratio of the side slopes In eter) channel of the best 
form the hydraulic radius is half the depth of water, and if the 
section is rectilineal, the surface width is equal to the sum of the 
two slopes, BO that the bonier is the sum of the surface and bed 
widths 


The following etatement iliowi the eectional areas of ranons channels of 
the best form All the channels base the same central depth D, the same 
hjdraalic radins ^ and therefore the same a elocitj 
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1 


Ilatlo of 
Sectional 

Description of CroiiS section 

Sectional 

Area to that 
of the In 
eenbed 
Semicircle 

Semicircle, 

1 57 

1 00 

Half square, 

Semi hexagon, 

2 

1 27 

1 732DS 

1 10 

Trapezoid, side slopes 4 to 1 , 

1 736i)* 

1 11 

M » 1 M 1, 

1 818Z)2 

1 16 

„ li,. 1, 

2 J06D'’ 

1 34 


2 472/)» 

157 

, ^ , 1, 

3 334D2 

2 12 


A channel of the best form is not usually the cheapest If made of iron, 
wood, or masonry the cost uill probably be reduced by somewhat increasing 
the Width and reducing the depth, thereby enabling the sides to be made 
lighter, though the length of border is slightly increased In an excavate I 
channel, where the water surface is to be at the ground level, the best form 
will give the minimum quantity of work and will be the cheapest if the 
material excavated is rock, but if it is earth an increase of wi Itli and 
decrease of depth will reduce the lift of the earth, and therefore the cost 
If the water surface is not to bo at the ground lev el the cheapest form me} 
differ greatly from the best form 


If It IS desired simply to deliver a stream of water of given 
discharge with as high a velocity as possible, the best form » 
suitable If the object is to obtain high silt-supporting power, 
so that the channel maj not silt or may scour ind enlarge itself, 
the question of ratio of depth to velocity must be taken into 
account , and even when the object is to discourage the grow th of 
weeds the question of depth comes in 

If the depth of water in a channel fluctuates, the section can, 
of course, he of the best form for onlj one water level Sewers 
are often made of oval sections in order that the stream mij be 
of the best form, or nearly so, when the water level is low, the 
object being to prevent deposits In 
Fig 103 (Metropolitan Ovoid) the 
.3 radius of the invert is half that of , 

the crown, and in Fig 104(Havvkcs 
le;y’s Ovoid) nearly three -fifths 
There is also a form known as 
Jackson 8 Peg top Section In each fiq 101 
r*'’ case the velocity with tbosewer one 

third full IS about three fourths of the velocity when it is two 
thirds full. 
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4 Irregular Sections — The cross section of a stream maj be 
called ‘irregular* Mhen the border contains undulations or 
saliences of such a character as to divide the section into ^^ell 
marked divisions (Fig 105) 

In this case the water in each 
division has a velocity of its 
own, and m order to calculate 
the discharge of the whole 
stream by the use of the 
formula it is necessary to consider each division 

separately, finding its hydraulic radius from its area and border 
The length AS is not included in the border of either division, 
since if there is any fnction along it, it accelerates the motion in 
one division and retards it in the other If At are the 
sectional areas, and Jit the hydraulic radii, 

Qt=CtA,JJr,S 

Qt^CtAtJl.tS 

The discharge of the whole channel calculated from the equation 
Q^CA>Jl<.S, equals when otherwise ic is less 

The more if, and i?, differ, the more Q differs from and 

for given values of It^ and i», the difference is greatest when 
A,r=At If either A, or At is relativ ely very small, the difference 
between Q and will be small It may happen that Si and 

lit differ greatly with low supplies, and not much with high 
supplies If without altering either the length of the border or 
the sectional area of the stream the border be changed to CDhi, 
the section is no longer irregular, and the equation V^t iJliS is 
the proper one to use There arc thus two cross sections with 
equal values of S and different mean velocities, that is, different 
V alues of C Even in a regular section the same principle holds 
good The discharge is the sum of the discharges of a number 
of parts and may be affected by a change in the form of the 
border alone (See also art 13 ) 

An instance of an irregular section occurs when a stream ov cr 
flows Its banks (Fig 
106) As the ov erflovv 
occurs the border of 
the whole stream may 
increase far more 
rapidly than the sec 

tional area, and Q, if calculated vs a whole, would dimjni«h with 
nsc of tho wjter-le\cl Tbi! ^tl<lclt^ and diichirgc of tfct mim 
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body and of the o^e^flo^v must be considered separateJj, and both 
will increase as the water level rises Similarly, if there are 
longitudinal grooaes or ruts in the bed of a stream, such, for 
instance, as those caused bj longitudinal battens, the vater m 
the grooves has a separate velocity of its own and the \ elocitj of 
the mam body cannot he reduced indefinitely by increasing the 
number and depth of the grooves, although the border can he 
increased m this manner to any extent If the river is winding, 
the spill uater, which flows straight, may ha\e a slope greater than 
that in the river channel, but its velocity may still bo very low, 
especially if the country is covered with crops or vegetation 
Some of the spill water, however, disappears by absorption, and 
It IS clear that in every case it takes off some of the discharge 
of the river Thus the embanking of a river, so as to shut ofi 
spills, must necessarily, to start with, raise the floodlevcl 
Whether scour of the channel subsequently reduces the level is 
another matter 

6 Channels of Constant Velocity or Discharge —Let A bo the 
area, B the border, and the surface width of any stream 
whose water lev el is BS (Fig 
107), and let tbo water level 
rise to TUf the increase in depth 
being a small quantity d and 
the increase in the surface w idth 
being 2u Then if the slopes 
RT, SU be made such that 

(JF-^io)d border will have increased m the same ratio 

2 Jd +w -b’ 

os the area, and ifc v\ ill be unaltered By using the new values 
of A and i, corresponding to the raised surface, the process can 
be continued, but the slop© becomes rapidly flatter If tlic 
surface falls belon’ BS, Jf js no longer constant, hut dccrciscs 
It is impossible to design a section such that B will renvun 
constant as the depth decreases to zero And even within the 
limits in which 72 is constant, the mean velocity is not constant 
The channel is irregular, and the velocity, both m the m nn body 
of water and in the minor ones, increases as the water lev cl risc« 
The investigations which have at times been midc to find the 
equation to the curve of tbo border when li is constant arc 
useful only as mathematical exercises 

The velocity as the water level rises is ncarlj constant in a 
very deep, narrow channel with vertical sides, and it may bo kept 
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quite constant 1)\ making the sidca overhang — as m a sewer 
nuining nearly full— hut the process is speedily terminated 
the meeting of the two sulcs 

To keep the di«chnrgc constant fordillLrcnt water lercis is still 
more difTicull, but would be of great practical use, especially in 
irngalion distributaries It could Ikj effected by making the 
sides overhang, but they would ha\c to project almost horizontally 
and would aery soon meet, thus giring only a small range of 
depth Any form of section adopted for giaing either constant 
aclocily or constant discharge must be continuous along the 
channel from its head for a great distance If of short length 
the slope or hydraulic gradient m it arould be liable to a ary 
greatly, and anth It the a clocity (Cf chap ti art 14) 

6 Clrcnlair Bectlona — A channel of circular section is an open 
channel when it is not running full In such a channel the 
hydraulic radius, and therefore the aclocity, is a maximum when 
the angle subtended by tbc dry portion of tbe border is 103*, or 
the depth IS 81 of the full depth If the depth is further 
increased A decreases, but at first tbc increase of area more * 
than compensates for this, and the discharge goes on increasing 

ben the angle al>oac mentioned is about 02*, or the depth is 93 
of the full depth, the expression a maximum, and Qis 

then about 0 per cent more than when the channel is flowing full 

Section III— Relati\e Velocities in Ciioss section 

7 General Laws — Except near abrupt changes the water at 
Cl cry point of a cross section of a stream has its chief velocity 
parallel to the axis of the stream and in the direction of flow, 
and the velocity lancs gradually from point to point Although 
the \elocity at any point m a cross section is affected to some 
extent by its distance from every part of the border, it depends 
chiefly on its distance 
from that part of tho 
border w Inch is near to 
it Those portions of 
the border which are 
remote from the point 
haa c a small, often an 
inappreciable effect In 
Fig 108 tbe velocity at A is less than at B because of the effect 
of the neighbouring side At all points between C and D the 

L 
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velocities are nearly equal because both sides are remote 
Given the cross section of a stream, the forms of the \e!ocity 
curves are known in a general way but not with aumaor In 
other words, their equations are not known 
The law that the velocity is greatest at points furthest from 
the border is subject to one important exception The rnavmmm 
velocity in any vertical plane parallel to the axis of the stream 
IS generally at a point Somewhat belou the surface and not at 
the surface If D is the depth of water and the depth of the 

point of maximum velocity, the ratio in a stream of shalloii 


section at points not near the sides may have any lalue from 
zero to 30, and if the side slopes are not steep the same ratio 
may be maintained right across the channel When the sides 


are very steep or vertical the ratio 




close to the side is about 


50 or 60, and it decreases towards the centre of the stream, 
attaining its normal value m a shallow section at a distance from 
the aide equal to about 2D or 2 5A and thereafter remains constant 
or nearly so 

The depression of the maximum velocity has been sometimes 
attributed to the resistance of the air, but this theoiy is nou 
quite discredited Air resistance could cause only a very minute 
depression, and it cannot account for the variation of the 
depression at different parts of a cross section It is true that 
wind acting on waves and ripples may produce some effect 
The water level in the Red Sea at Suez is raised during certain 
seasons of the year when the wind blob's steadily up the Red Sea 
On the Mississippi, with depths ranging from 45 to 110 feet, an 
upstream wind Was found to reduce the surface vclocit) and 

increase the ratio A downstream wind produced opposite 

effects, hut even n ith a downstream wind the ma\imum ^cIoclt) 
was below the surface, and tho same thing has been ohscricd 
elsewhere Wind acting on npples is a different thing to simiilo 
air resistance The depression is attributed by Thomson to the 
eddies ■tthich rise from the bed to the surface The «atcr of 
wUicb the eddies arc composed is slow moMng, and though the 
eddies retard the \oIocitj at aU points iihich thc} traicrsc, 
they Ka\o most effect at the surface, because tliey sprcid out an<I 
accumulate there This CTpIiiiation scems to ho tho true one 
at least as rcgirds the centraf portions of i stream lUicri no 



OPEN CHANNELS — UNIFOPSI FLOW 


1G3 


depression exists there, it is because the eddies are weak relatively 
to the other factors I'ho increased depression of the maximum 
velocity near the sides when these are steep or vertical is clearly 
connected 'With certain currents which circulate transversel} in a 
stream Near the side there is an upward current (Fig 108), at 
least HI the upper portion of the section, and there is a surface 
current from the side outwards It is this current which causes 
floating matter to accumulate m midstream At a lover level 
there must be an inward current which brings quick moving water 
towards the sides, while the slow moving water near the surface 
travels outwards and reduces the surface velocity at all points 
which It reaches 

As to the cause of the currents, Stearns, who has investigated 
the subject,^ considers that they arc due to eddies produced at 
the sides The eddies from the side tend on the average to move 
at right angles to it, but they also tend 
to move chiefly in the direction of the 
least resistance, that is, towards the 
surface 

8 Horizontal Velocity Oorves — A 
horizontal ‘ mean velocity curve ’ is one 
whose ordinates are the mean velocities 
on different verticals extending from 
surface to bed The general forms of 
these curves for a rectangular section 
are shown in Fig 109 for two water 
levels ^Mien the section is shallow 
the velocities on different verticals, at a distance from the side 

exceeding 2D or 
ZD, become near 
ly equal Fig 
110 shows a 
channel with 
sloping sides 
The length in 
which the velo 
city IS practically 
constant is some 
what greater 
than before, and 
the curves in this portion are nearly as before, but the part m 

* Tranmehons of thi Amtnean Society of Ctitl hnginten, \o\ xii. 
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Khieh the velocity vanes is longer, both actually and relatucly to 
the whole width If the bed is not level across (Fig 105, p 159) 
the velocity is greater where the depth is greater If there are, 
at a distance from the sides, divisions of considorablc width and 
constant depth, as HG and BKy the velocity in each such division 
IS nearly constant The rough rule for a channel of shallow 
section considered as a whole, that F" is approximately as where 

D IS the mean depth, probably applies to any two divisions such 
as those under consideration and to the same division for different 
water levels But if a division is of small width its velocity is 
affected by those adjoining it Thus the velocity curve is one 
which tones down the irregularities of the bed On the South 
American rivers with depths of 9 to 73 feet, gradually increasing 
from the bank to the centre of the stream, Revy found the 
velocity to vary as D”- where n is greater than unity This may 
he the law in very deep nvers, but Revy’a observations were not 
numerous, and in most of them the flow was unsteady owing to tidal 
influences AVhero the change of depth is small the variation of 
is not very different from that of D The form of the velocity 
curves in a channel of irregular sections changes, as it does in 
regular channels, vnth the vvaterlcvcl Irregularities which have 
a marked effect at low water may have no porcoptiUo effect at 
high water 

The nature of the horizontal mean velocity curve depends on 
the shape of the cross section, and not on its size From observa 
tions made by Bazin on small artificial channels lined vvith plaster, 
plank, or gravel, with widths of about b 5 feet, and depths up to 
1 5 feet, and observations made by Cunningham on the Ganges 
Canal in an earthen channel about 170 feet wide and G feet deep, 
and m a masonry channel 85 feet wide, vMth depths of 2 feet to 
3 5 feet, It IS also proved tint if the velocity is altered by altering 
the surface slope (and in the case of Bazin’s channels by altering 
the roughness), the velocities on different verticals all niter in 
about the same proportion It js probable, considering the com 
plications arising from eddies and trmsvcrso currents, that the 
actual size of the channel has some effect, but it is neghgddc, at 
least in streams of shallow section, and under the conditions 
which occur in practice 

Let f/bc the mean velocity on the central vertical, and f tint 
in the whole cro-.s ■section Let 'llic values of the co- 

efficient arc as follows — 
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Ratio o{ mean width' 
to depth, 

Value of a. 


1 15 2 3 4 6 G 7 10 20 30 50 00 
SG 87 83 89 90 91 92 93 94 95 9G 97 98 


These CO efficients are applicable to rectangular and trapezoidal 
channels, but maj not be\crj accurate for the latter when the 
ratio of the mean width to the depth is small, especially if the 
side slopes are flat In other cases they are probably correct 
to within 1 or 2 per cent for the deeper sections, and to within 
5 per cent for shallower sections The coefficients have been 
found chiefly from the observations above mentioned Bazm did 
not work out this particular co-efficicnt, but his figures enable it 
to be found In any particular channel the co efficient increases 
as the water lev cl falls 

The co-cfficient a was determined in the observations on tbe 
Solani aqueduct in the Roorkce experiments In the aqueduct 
there IS a central vvall which divides the canal into two channels, 
each 85 feet wide The aqueduct is 932 feet long, and tbe 
observations were made in the middle, that is, only 4G6 feet from 
the upper end Upstream of the aqueduct the canal consists of 
one undivided channel, and the greatest velocities are in tbe 
centre Owing to this fact the miTimum v elocitics at the observa 
tion sites in the aqueduct at times of high supply arc not m the 
centres of the channels, but nearer the central wall The v elocities 
observed to determine a were, however, made m the centres of the 
channels, and the resulting values of a were therefore too high 
The depth varied from 4 to 10 feet, and the ratio of width to 
depth therefore from 21 to 8 5 The values of a were nearly 
constant at 95 or 96 For the lower depths tbe co-efficient 
agrees with that in the above table For the higher depths it was 
overestimated for the reason just given (See chap ii art 21) 

The co efficients are strictly applicable only when the bed, as 
seen in cross section, is a straight and horizontal line, but prac- 
tically they are applicable whenever the central depth is the mean 
depth (not counting the sections ov cr the side slopes), and does not 
differ much from the others If there is a shallow jn the centre 
the co-efficient may exceed 1 0, and may increase greatly at low 
water For some particular sections somewhat hollow in the 
centre the co-efficient may not vary as the water level changes 

The above refers to honzontal mean velocity curves The 
properties of horizontal cun cs at particular lev els, for instance at 
the surface, mid-depth, or bed, are, generally speaking, similar to 
the abov e In tbe central portions of the stream the cun es arc 
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probabl} all parallel projections of one another Near to vertical 
or 'Nery steep sides, oiving to the greater depression of the line 
of maximum velocity, the mid depth velocity curve, and to some 
extent the bed velocity curve, become more protuberant and the 
surface curve less so Fig 111 shows the distribution of velocities 



PiQ 111 

found by Bazin in a channel 6 feet wide and 1 5 feet deep, lined 
with coarse gravel Each line passes through points where the 
velocities are equal 

9 Vertical Velocity Curves — The general forms of the curves 
are shown in Elga 112andn3* Many attempts have been made 


•Surfarr ^ I to v yy V rfaee Vflo tv 
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to find the equations to the curves and xt is eometimes sa»l tint 
the curv c is a parabola with a horizontal axis corresponding to the 
line of maximum velocity This is improbable The transverse 
curve IS certainly not a parabola The bed of a channel retards 
the flow in the same manner as the side retards it and thcvclocit} 
probably decreases very rapidly close to the f ed just as it docs 
close to a vertical or steep bank Except near the led almost 
any geometric curve can be made to fit the v clocitj curve The 
equation to the curve is not nearly of so much practical importance 
as the ratios of the different -velocities to one another If those 
arc known, the observation of surface velocities enallcs the ltd 
velocities and mean velocities to lo ascertained A slight differ 
cnco in the ratios maj make a great dificrcnco in the equation 
I ven the information regarding the ratios is ver^ imperfect, and 
* The floats and dotted imt* arc refem I lo hi cl oji » n 
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until it IS impro\cd it is useless to discuss the equation "When 
the depths on idjoining \crticils arc not equal, the cu^^es arc 
probahlj of a highly complex nature, since each must influence 
those near it 

Let Uf, Un, and be the surface, maximum, mean and bed 
^clocltlC3 on an} acrtical not near a steep side of a channel, 
then the ratios whieh arc of most practical importance are those 
of Dn to D, and of U to each of tho other a clocities The results 
as to these ratios furnished by expenments shou great discrep- 
ancies The fact seems to be that tho ratios are easily disturbed 
A change in depth, roughness, or surface slope ma} cause the 
‘eddies to rise m greater or less proportion, and so alter the 
ratios The quantity of silt or drift perhaps affects them, since 
some of the work of the eddies is expended in lifting or moving 
the matcnals "Wind may affect the surface velocities and un 
steadiness in the flow may affect the ratios The depth is 
seldom accurately obseri cd This is because the a elocities abo^o 
and below the line of differ a cry slightly from and also 
because the \ elocities are not generally obsori ed at close intert als 
A greater defect is m the observation of bed \ elocities They are 
seldom observed really close to the bed AYben so observed a 
rapid decrease of ^ elocity has been noticed 

Generally the different ratios roughly follon one another 
^Mien the eddies reach the surface m greater proportion the ratio 
increases At the same time is diminished and HZ, is 

increased, because more quicU} moMog water takes the place of 
that which rises. Thus the different >clocities tend to become 
equal and the ratios to approach umty It ■will be sufficient to 

consider for the present onlj the ratios ^ and On examm 

ing the results of experiments no clear connection between these 
ratios and the quantities U and D is apparent, but by considering 
tie two separate elements on wiici, for any given depth, 
depends, namely N and S, some more definite, though not i ery 
satisfactory results are obtained The following table contains 
an abstract of the results of some of the chief observations Each 
group consists generally of several senes, each senes having a separ 
ate a alue of D and U, and sometimes of JY or 5 The table is a mere 
abstract, and is intended to show only what experiments haae 
been considered and their general results On the Mississippi and 
Irrawaddy and Ganges Canal the obseraations were made antb 
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Abstract of Results of Observations on Verticals 
NOT near the Sides of the Channels 


Senal Number 
of Group 

Channel 

Observer 

Depth Roughness and 
Velocity on Vertical 

j Ratios 


1 

L „ 

D 

N 

U 

f), 

IF 


Division I — 

jREAT Rivers 



1 

Mississippi 

Humphreys 

7i> 

027 

35 

38 

98 



and Abbott 






2 

„ 


79 

027 

2 1 

13 

94 

3 

,, 

,, 

65 

031 

53 

27 

97 

4 

Irrawaddy 


27 

025 

47 

28 

97 

5 

Gordon 

50 


5 4 

03 

95 

6 

,, 

,, 

29 


1 5 

zero 

93 

7 

Parana de Us 

Revy 

so 


24 

zero 

83 


Palmas 







8 

La Plata 

,, 

24 


13 

zero 

C9 

Division 21— Ordinarv Strfavs | 

9 

Saone 

Le^el^c 

14 

028 

o«> 

15 

00 

10 

Garonne 

Banmgarten 

11 

0275 

50 

10 

00 

11 

Seine 

Emmery 

9 

026 

2 5 

05 

80 

12 

Rhine 

International 

7 

030 

7 1 

zero 

So 



CommisstoD 






13 

Branch of Rhine 

Defontame 

S 

0276 

35 

zero 

87 

14 

Ganges Canal 

Cunningbam 

9 

025 

35 

12 

85 

15 

„ 

„ 

C5 

013 

i 2 

19 

03 

Division III — Small Streams 

IG 

Artificial 

Bazin 

1 3 j 

020 

59 

05 

84 


Channels 










1 I 1 

015 

6 

zero 

89 




1 I 

012 

66 

zero 

01 

19 


,, 

9 1 

020 

9 1 

zero 

02 
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the double flo-it, and the ratio iiasthiia seriously Minted (clifip 

Mil ;irt 9), the values of U obtained being too high On the 
Ganges Canal U 'xs.s, ho«c\cr, obser\ed Kcparatcl> bj mentis of 
rod floats, and b} making certain corrections for the length of rod 
used, corrected a allies of f/’haao l»ccn found and used In l^c^\ « 
obscnations the floM vas unslcad} 

considering the figures of each separate senes m Jniuons 
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11 and 111 it 13 quite clear that the ratio ^ increases as jV de 

creases This result had prcMously been found bj Bazin for his 
small channels It also seems probable that the ratio generally 
increases with the depth In dnision i the figures are unreliable, 
as aboac explained, but to some extent they confirm the aboic 
laws From a consideration of the a arious results the following 
table has been prepared, but the figures giaen are only probable 
and approximate The only law that seems to be well established 
IS that of change of the ratio mth change of K, the rest being 
somewhat doubtful The figures are, however, an adi ance on the 
present rough rule that the ratio is ‘ 85 to 90 ’ The blanKs in 
the table may be filled in according to judgment In some small 
and rough channels the ratio has been found to be as Ion as 60 
The ratio y may he designated fi 


Probable Ratios of Me\n to Surface Velocities (p or 
o\ Vepticals not near the Sides of a Ciiannfi- 


uJ 






t«lue«ofA 




tertletl. 

030 

■O' S 

O*j0 

•0*15 

•O'© 

■01 i 

015 

013 

010 

r<et 










•^o 





83 

80 

68 

SO 

91 

1 in 





84 

87 

80 

00 

01 

1-25 





85 

87 

80 

■01 

01 

I 50 





87 

68 

00 

01 

02 

2 00 



87 







3 00 



8$ 







6-0 

S5 

87 

80 





03 


7 0 



OO 







100 

SO 

SO 

DO 





•02 


ISO 


01 

89 







18 0 

80 

02 

8$ 


SO 


90 

•01 


23-0 


03 








28 0 


05 










After the preparation of tbc aboie talle for depths up to Ih 
feet the authors attention nas drawn to an citcn«»c and careful 
senes of obsenations made mth currcnt-mctcrs li Marr on 
the Mississippi * The results worked up and abstracted arc as 
follows — 

* Report on Current meter Oli»emtions in the Muiis*ippi near BnrLcfioa 
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Adstract of Results of Obser\ations on Vfrticals 
NOT NEAR TJIE SiDES OF THE CHANNELS 


1 = 
t' 2 

Cl anne! 

Oljsener 

Drptli Roug) ness and 

1 V elocitf on V ert cal 

Ratios 


1 

t-« 


y 

L 

IT 


Division I — 

Great Rivers 



1 

Mississippi 

KuinpIiTeya 

7b 

027 

35 

38 

98 



and Abbott 






2 



79 

027 

21 

13 

94 

3 



65 

031 

5 3 

27 

97 

4 

Irrawaddy 


27 

025 

47 

28 

97 

5 

Gordon 

50 


54 

03 

95 

G 



29 


18 

zero 

93 

7 

Parana de las 

Revy 

50 


24 

zero 

83 


Palmas 







8 

La Plata 

,, 

24 


1 3 

zero 

CO 


Division 11 — Ordinari Stfeajis 



a 

Saone 

LevetlU 

14 

028 

2 2 

15 

90 

10 

Garonne 

Raumgarten 

11 

0275 

50 

10 

90 

11 

Seme 

Lmmery 

9 

026 

25 

05 

80 

152 

Rhine 

International 

7 

030 

7 1 

zero 

So 



Commission 






13 

Branch of Rhine 

Defontame 

6 

0276 

35 

zero 

S- 

14 

Ganges Canal 

Cunnmgbam 

9 

025 

35 

12 

3S ( 

15 


, 

C5 

013 

42 

19 


Division III — Small Stpfams 

1C 

Artificial 

Bazin 

1 3 

020 

59 

05 

S4 


Channels 







17 



1 1 

015 

GC 

zero 

S9 

IS 



1 

012 

C 5 

zero 

91 

10 



9 ^ 

010 . 

9 1 

zero 

92 









I 


the douljlc flo'it, and the raUo wastlmsecnousl} Mti'itc<l(clnp 

Mil /irt 9), the ■values of U obtained being too high On the 
Ganges Canal U was, however, obscr\cd scpiratcl} b} means of 
rod floats, and b\ mahirig certain corrections for the length of rod 
used, corrected ^ah^c3 of U have been found and u'cd In Vcvn » 
obscnations the flow was unsteady 

11) considering the figures of each separate senes in hvisions 
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II ind 111 It IS (imtc clcir thit the ratio ^ increases as jV clc 

creases This result had prexiously been found bj Barm for his 
small channels It also seems probable that the ratio generally 
increases with the depth In dia ision i the figures are unreliable, 
as above explained, but to some extent they confirm the aboac 
laws From a consideration of the a arious results the folloiiing 
table has been prepared, but tbo figures giscn arc only probable 
and approximate The only law that seems to be veil established 
IS that of change of the ratio with change of N, the rest being 
somewhat doubtful The figures arc, however, an advance on the 
present rough rule that the ratio is * 85 to 90 * The blanks in 
the table may he filled in according to judgment In some small 
and rough channels the ratio has been found to be as lovi as CO 
The ratio may be designated ft 


Probable Ratios of Me.vn to SurracE Velocities (p on ^ 
ON ‘Nepticals not neap the Sides of a Channel. 



After the preparation of the above table for depths up to 18 
feet the authors attention was drawn to an extensive and careful 
senes of observations made with current-meters by Marr on 
the Mississippi * The results, worked up and abstracted, are as 
follows — 

^ Report on CurrcDt meterObscrrationsia the Mississippi near Burlington 
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AusTrACT OF Results of Observations on Verticals 
^OT near the Sides of the Channels 


Ser al Nnmter 
ot Group 

Cl annel 

Observer 

Deptl Ho igl ness and 
Velot ty on Vert cal 

Rat 09 


L 

1 „ 

D 

K 


D , 

IT 


DnisioN I — 

Great Rivers 



1 

Mississippi 

Humphreys 

7*> 

027 

3 5 

3S 

J8 



and Abbott 






2 



79 

027 

21 

13 

04 

3 



65 

031 

53 

27 

97 

4 

Irraivaddj' 


27 

025 

47 

28 

97 

5 

Gordon 

50 


54 

03 

95 

6 



29 


1 8 

zero 

93 

7 

Parana de Ua 

Revy 

50 


24 

zero 

83 


Palmas 







a 

La Plata 


24 


1 3 

zero 

09 

Division 11 — Ordinary Streams 

0 

Saone 

Levetlk 

14 

028 

22 

16 

DO 

10 

Garonne 

Baumgarteo 

11 

0275 

60 

10 

90 

11 

Seine 

Emmery 

9 

026 

25 

05 

R9 

12 

nUne 

International 

7 

030 

7 1 

zero 

Sj 



Commission 






13 

BranchoIRhine 

Defootame 

6 

02T6 

35 

zero 

S7 

14 

Gashes Canal 

CunnmgbaiD 

9 

025 

35 

12 

88 

15 

„ 


C5 

013 

42 

19 



Division III — Small 

Streams 



1C 

ArtiCcuI 

BaziD 

13 

020 

59 1 

OS 

84 


Channels 




1 



17 



1 1 

015 

CG 

zero 

SO 

IS 



1 

012 

G5 

zero 

91 

19 


» 

9 

010 

9 I ) 

zero 

02 


the double floit, and the ratio uastliuaecriousl} Mtntc(l(clnji 

MU art 9). the values of U obtained being too high On the 
Ganges Canal U was, hoMcacr, obserted Bcparatcl) b} means of 
rod floats, atid b\ mabmg certain corrections for the length of rod 
used, corrected ^ alucs of U liaac been found and used In Rc\ \ s 
obsen aliens the flou uas unsteady 

considering the figures of each separate senes in livisions 
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11 incl in It IS quite eleir that the ratio y increases as jVcIc 

creases This result had prcaiously been found Barm for his 
small channels It also seems probable that the ratio generally 
increases arith the depth In diaision i the figures arc unreliable, 
as above explained, but to some extent they confirm the aboae 
laws From a consideration of the a anous results the following 
table has been prepared, but the figures giaen arc onl) probable 
and approximate The only law that seems to bo well established 
IS that of change of the ratio with change of N, the rest being 
somewhat doubtful The figures are, however, an advance on the 
present rough rule that the ratio is * 85 to 90 ’ The blanhs in 
the table may be filled in according to judgment In some small 
and rough channels the ratio has been found to be as Ion as CO 
The ratio ~ may bo designated /3 

PitomcLE Ratios of Me.vs to SurrtcE Velocities or 

0\ ^E^TICALS hOT SEAF THE SiDES OF A CUANSEL. 



After the preparation of the above table for depths up to 18 
feet the authors attention was drawn to an cxtensiv e and careful 
senes of observations made wuth current-meters by Marr on 
the AIississippi * The results, worked up and abstracted, are as 
follows — 

* Report on Current meter Observations in the Mississippi, near Burbogton 
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Fwt 

Feet 

Feet 

F«ct 

Ttet, 

Dcpth=ll 2 

13 2 

20 4 

21 6 

27 6 

7^= 2 0 

26 

1 9 

2 2 

2 2 

U-U,^ 89 

91 

93 

93 

945 

D^-.D=^ 09 

09 

2G 

21 

•09 


The \alucs of K and S are not stated, Imt iV la judged to hi^c 
been about 0275, and the above table has been accordinijlr c\ 
tended to depths of 28 feet The a eloeittes were not ob'er\ cd near 
enough to the bed to enable tf, to be found 

1\Tien the maximum ^elocltv is at the surface the ratio 


IS the same as ~ Otherwise it is ) to 3 per cent lower 
No law for the aanation of can be traced, except tbit m 


small streams the ratio is greater the rougher the channel The 
ratio ncacr exceeds 20 except on the Mj'«i«sippi On the 
Irrawadda, anth not di«simihr depths and aelocitic«, it is acr\ 
small or zero The difference mar poesiblv bo duo to differences 
in K and S It appears that in aery deep rivers all the ratios arc 
more sensttiv c 


The ratio or ~ gcneralh follov'S the ratio ^ In 

the detailed senes of division iii of the table on jvagolC** l»oth 
ratios attain maximum and minimum values together Values 
ranging from 58 to G3 have been found for the ratio on the 
lower Khme, JIcii«e, Oder, ’Worth, and Mc'scl It is profile 
that in noarlj all expenments the ratios found arc too high 
1 ccanso the velocities arc hardly ever observed close to the 1 cd 
and also becan«e of the rapid decrease of vclocitv near the led 
On the Slone the currcnt-mctcr was placed as near to the 1 cd as 
po«sible, and the ratio comes outverj low The following tal Ic 
shows such probable values of this ratio as it hvs Icon po sillo 


to arnvc at — 


V 

•<*— 5 

•P*V 

aro 

•flis 

■018 


left 

5 to IS 


Feet 

1 to I 5 

1 eft 

I to li 

IffU 

I 

i.-r. 

50 to o 


50 to ' 

1 0 

fS 


IN hen the various ratios are known the vertical vclocitv curve 
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cm be dnwn The cunes ire, of course, sbirper the less the 
depth of ^rate^ The depth at which the ^ elocity is equal to the 
mem rclocitj* on the vertical ^a^cs somewhat, hcing generally 
deeper as is deeper It his licen found to lary from 55Z) to 
C7/) On the ivengc it is at about C0/> or G25Z) The mid- 
depth 1 elocity IS greater than the mean, hut generally by only 1 or 
2 per cent On the Mississippi it was found to remain constant 
I'hile U wis constant, even though U, was increiscd or decreased 
by wind, a compensating change occurring near the bed The 
mcm velocit} can he found approximate!} by an ohscnation at 
60 or 625 of the full depth It can be found lery nearly, as has 
been shown by Cunningham, by obsening the \elocitics at 21 
and 79 of the full depth and tahing the mean of the two 

10 Central Surface Velocity Co-efficients — Sometimes the 
mem velocity T in a cross section is inferred from an ohsersation 
in the centre of a stream If U is the ^cloclt} on the central 
%ertical V=aU Sometimes U„ the central surface >elocity, is 
obsen ed and multiplied by a co ofiicicnt 6 It is clear that 5 must 
be ax/? It has been seen that a depends on the shape of the 
section, and is practically independent of the size, roughness, and 
slope, while /?, at least in streams of shallow section, seems to 
depend on these three factors In a gnen stream of shallow 
section and fairly Icicl bed a decreases as 2> increases, but /S 
increases Hence 5 does not m ordinary cases show any ^er} 
great fluctuation On the Ganges Canal, with earthen channels 
190 to 00 feet wide, and masonry channels 85 feet wide, and 
'nth depths of water from 2 to 11 feet, 5 \aried from 84 to 89 
I^either a nor p ^ aned much "W ith w idths of 10 to 20 feet, and 
depths of 1 to 3 feet, a was somewhat reduced, and 6 was also less, 
its mlues being 81 to 85 At one site, where there was a shallow 
in the middle, a rose at low water to 1 07 and 8 to 95 Ordinanl} 

6 IS seldom below 80 

Biazm found /or small cham 2 o)s tho lalucs of a co-efficient A, 
gmng the ratio of U„ to V Its values do not difi'er % ery much 
from those of 5 Bazin, howe\cr, assumed that A depended only 
on A’’ and H, and on this assumption he worked out i alues of the 
co-efficient for 'alues of li, extending up to 20 feet or far beyond 
the limits of his experiments It has been the custom to use these 
co-efficients as values of S, that is, to use them for obtaining F 
from This in itself would not cause any ' cry large error, but 
the values of the eo efficients, when applied to channels of slopes, 
eizes, and roughnesses, diffieriDg greatly from those used by Bazin, 
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are entirely wong Neither 8 nor A can depend only on H and N, 
but must depend on the \alues of a and ^ 

Other general expressions for 5 have been proposed by Pron} 
and others, but thej, in common mth those of Dazin, are almost 
useless as general formulae 


Section IV —Co efficients 

11 Bazin’s and Kutters Coefficients- — Setting aside obsolete 
and discaidcd figures, the first important set of co cflicients for 
open channels is that obtained b} Darcy and Bazin from c\pen 
ments on artificial channels, avhosc width did not exceed 6 50 feet 
in masonry and avood and 21 feet in earth Bazin from these 
experiments, framed tables of C (connecting them by an empirical 
formula and extending them far outside the range of the cxperi 
ments) for four classes of channel, namely, earth, rubble masonr), 
ashlar or bricknorh, and smooth cemented surfaces It has been 
found that these co efficients, though correct enough for small 
channels, often fail for others More recently two Swiss engineers, 
Ganguillet and Kuttcr, went thoroughly into the subject, and 
after ln^estlgatlng the results of the principal observations, and 
makingsome themselves, arrived at various sets of co-cfficients for 
channels of difTercnt degrees of roughness, the roughness being 
defined by a ‘rugositj coefficient’ The foUovMiig Btatcmcnt 
shows some selected values of Bazins and Ixuttcrs coefficients 
The last three columns will be referred to below — 


Hr 

(In Uc 
Kadlus 
(/) 

D*2 QS 

Co-emc ents 

huttcr'a Co elTclents for 
Channels 1 a« Ini; s Slope of 
llnSOOO 

Sazini 

New Co eltlclcntJ. 

Cement 

Hutible 

lUsonry 

Earth 

Cement 

rUstcr 

etc 

Earthen 
Chan eti 
In Good 
Order 

Eartl en 
Channel 
in Uad 
Order 

Ce nent 
etc. 

nes lar 
Cl aunels. 

Verr 

Uo 1 
Cha tirll 

SoOtO 

A=-0*0 

\«=-oso 

1= im 


r 31 


135 

12 

3G 

132 

C7 

35 

no 

ro 

^0 

1 0 

141 

87 

4S 

152 

CO 

43 

142 

ro 



144 

OS 

C2 

170 

82 

53 

14C 

7' 

T. 

4 0 

I4C 

lOG 

70 

185 

04 

G3 

140 

80 

01 



110 

84 

103 

101 

CO 

151 

07 


10 0 

147 

112 

01 

201 

lOS 

7C 

152 

IOC 

7J 


It V'lll be seen that C alnajs increases with J> ami til'll 
increase is less rapid as becomes greater, and that as J increases 
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C becomes less afTcctcd by tho degree of roughness Also that, 
\nth change of R, Kutter’s eo efficient vanes more than Bazin’s for 
smooth channels, and less than Bazin’s for rough channels 
Bazin’s coefficients ore independent of but Kutter’s depend 
to some extent on S, as will appear from the following statement — 



KutUra Co efltdenta tor difTerent Slopee 





Value otr 






Slope 1 lu 

10 W1 

. 

Slope 1 In 1000 
and Steeper 
Slope* 

Slope 1 in 

10 006 

Slope 1 in 1000 
and Steeper 

- 

12G 

138 

33 

SB 

1 0 

143 

15C 

42 

45 

2 0 

1G3 

172 

52 

64 

40 

18G 

185 

64 

63 

00 

lOS 

191 

70 

6S 

10 0 

20G 

197 

78 

74 


When a 13 about 3 2 <7 is independent of S It increases or 
decreases vith S according as It is below or aboio 3 2, but it 
^•ane8 on\> slightly for a great change of S, the %anation being 
greatest nhen -S' is beta cen 1 in 2500 and 1 in 5000 For slopes 
steeper than 1 in 1000 tho ^a^atIon is negligible For all \aluc3 
of A'" tho variation of (7 with 5 is very similar m rehti’io amount 
Kutter’s CO efficients for fiat slopes are based on the Mississippi 
observations of Humphreys and Abbott Tho fall here was so 
small (sometimes 02 foot per roilo) that the deduced slopes are 
absolutely unreliable This is tbo opinion of Bazin and also of 
Smith There is really no proper evidence that C increases as S 
decreases Bazin, uho has recently rcxieued tho uholo question 
and considered all tho best known experiments, has arnve<l at 
a new set of co efficients, some of whoso general values are pven 
in tho last three columns of tbo first of the above tables As 
before he makes C independent of S, and his different sets of 
oo-efficients correspond to certain values of y which is analogous 
to Kuttcr’s iV Tho rate at which V vanes wnth change of /. 
conforms more nearly than before to that of Kuticrs c<vefficient« 
Bazin in his discussion includes some results which are known 
to be wrong, such as those obwmed on the Irrawaddy 
and in the Solani aqueduct, Ganges Canal (chap, vn ML u), 
but the rejection of these w ould not aj prociabh alte» h» 
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The experimental values of C when plotted form a mass of 
irregularly placed dots and Baan’s co efficients seem to suit them 
as well as Kutter's, while the law of their variation is more simple 
It has, however, been seen that for pipes ^7 undoubtedly mere ises 
mth S, and it is unlikely that a different law holds good for small 
open channels It is quite hkcly that C always increases with S, 
hut that for large values of B the increase is negligible 

Engineers have nou become familiar u ith Kutter's values of iV, 
and it IS desirable to continue their use It is possible to expand 
Bazin's new sets of co efficients so as to give values corresponding 
to all Kutter’s values of iV, but it seems undesirable to do this, 
having regard to the doubt as to what the real law is Complete 
sets of both Kutter’s and Bazm's co efficients are given in tables 
XXIX to xlii 

The empirical formula connecting the different values of the 
co efficients are as follows — 

Bazin’s original co efficients 


v-(«a 


Kutter’s co efficients 




Bazin’s new co efficients 


The quantities a, f3, N and y arc all constants depending on the 
nature of the channel 

12 Rugosity Co-efficienfs — T/ic kinds of matenah for 
various values of j\’’ have been generally acceptcil arc as follows 
Unless othcnvise siitcd all arc supposed to be m good order Jf 
in bad order the next higher value of iV ma} bo used, if extra 
smooth, the next lower 


•00 ) TimUr planed 
nn I perfectly 

contmuoui 

■010 Tinil/crpIaufJ 


niaretl and 
( namcllc ! 
matenaU 


Cement an 1 
flvater 



OPEN CIIANliELS — UNIFORII FLOW 


175 


•Oil 


012 Timber tin- 
planed and 
perfectly con 
tinuous 

•013 Unglazed 

stoneware 
and earth 
enttare 

•015 VTooden frames 
covered with 
canvas Wood 
en troughs 
nith battens 
inside, i m apart 

•017 Finegraveluell 
rammed. 


•020 Coarse gfavol 
well rammed 
Wooden 
troughs St ith 
battens inside, 
S ins apart 


Plasterand Pipesofiron, 
cement cement, or 

with one terra cotta, 

third of well joined 

sand and in best 

order. 

New brich- 
ttork 


Good brick 
work and 
ashlar 

Foul and Rough faced 
slightly tu brickwork 
bercuUted Well-dressed 
iron. stonework 


Rnbblo in Tubcrculated Criekwork, 
cement iron stonework 

and ashlar in 
inferior con 
dition 

Coarso 
rabble laid 
dry 

Rubble in 

inferior 

condition 


For earthen channels the following arc the general talues — 

•017 Channels in very good order 


020 

„ good order 

■0225 

,, order abovo tho average 

•02 i 

„ average order 

•0275 

, , oixler below the average 

•030 

, 1 bad urdir 

•03 1 

,, very ba*l onler 


A channel in \ery good order is free from irrogulanties, lumps, 
hollows, snags, or other obstructions, weeds and oierhanjHng 
groivth A channel hating all the above irregularities (or even a 
few of them in excess) would be in vert bad order If a channel 
18 choked by weeds, A’ mat ri<e even higher than "OSS The 
channels arc all supposed to be free from bends In tie Punjab 
canals, when the channel has been woni very smooth and even, 
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The experimental values of G when plotted form a miss of 
irregularly placed dots and Bazin’s co-cfficients seem to suit them 
as well as Kutter s, while the law of their variation is more simple 
It has, however, been seen that for pipes G undoubtedly mcrcises 
With S, and ifc is unlikely that a different law holds good for small 
open channels It is quite likely that d always increases with S, 
but that for large values of It the increase is negligible 
Engineers have now become familiar with Kuttcr’s values of jV, 
and it IS desirable to continue their use It is possible to expand 
Batin’s new sets of co efficients so as to gi\e \ allies corresponding 
to all Kutter's values of but it seems undesirable to do this, 
haling regard to the doubt as to what the real law is Complete 
sets of both Kutter's and Bazin’s co efficients are given in tables 

XXIX to xlii 

The empirical formulai connecting the different a allies of the 
CO efficients are as follows — 

Bazin’s original co-cfficients 

‘"JW) 


Kuttcr’s CO efficients 


^ ,1 811 ^ 00281 
0 +- 2 ^) 


Bazin’s nen co efficients 

^ 157 C 


The quantities a, /3, iV and y arc all constants depending on ibc 
nature of tho channel 

12 Eugosity Co efficients —The kinds of materials for nincfi 
canons Mines o! A’’ bn^o liccn goncrally accoptwl nro as Wlons 
Unless othermso stated all arc supposed to be m good onlcr Jl 
in bad order the next higher aaluo of iV maj be used, U extra 
smooth, the next lower 


■009 Timber pUned 
an I perfectly 
continuous 
•010 Timber pUnc<l 


C»laz«d 

iniinclle ! 
matcrnli 


Cement tin I 
plaster 



niiu iUAuinm^vniumi wnn 


nr, 


'fXI 

Ifaaf'raiil 

liial'llr' fl, 


HU ant 

f*ii it, ir 


Willl Of 

UrrA // fli, 


tliif 1 ' t 

H li ]!/ 1 


am 1 

ai 1 (n 1 i> 

0I<{ /If 1 '■r tm 


irfir 

V.wl/I 1. 

) lar * 1 ar t 


H it 

{•■fA 11/ 1 1, 

(irn III 

Oil l/rtfl"/'l 


Irl t 

If/ r MHnra 


H fb ar 1 

an 1 1 irlli 


ail lar 

iMHara 

01/5 a 


y, i| ar 1 I'/nj/l /i «■ 1 

</fvar»l wIlli 


intfld/ tr Irl fcH rb 

lanvai VA/ai 


l/*fr liU 1 1/all lfi»«» 1 

rri tf'iff/li 


Ir II If aiaw rk 

vrltli 1 alb 11 
if il la, i in a| arf 

017 I'jia/fftvrlvull 

ItnMI In 

1 lUr iilat/ 1 1 rl bw rk 

fan li*\ 

tt, ft 

Ir n If an rb 

\ti\ f .afir j/ra» 1 

t//afi 

ar I ail Ur In 
Irl rl r r 1 
rllll n 

Hill /If nil 1 

f il 1 1« III 1 


VA-'/'Im 

Aty 


fr firii hIiIi 

linMU In 


1 (f/ / « i iM*, 

If lari f 


5^ if I aj/arl 

' aallll f 


1 r/r f If ill 0 ' If * 00 ' Il til' f' ll'iwlfi/ n»/ 

Il r t'flirfti] vnluri 

■017 (lirr l>f 

1 *•;/ y <'«! / 

f I r 

{fH 

f //-I »f l»f 


■inr 

If Ur aU * 

tl alrflj"- 

iri 

aaara^i n Uf 

irnr 

f>r Ur U 1 w 

it n Ml r«(/> 

i/yi 

1 a'l rf 1 r 


•02 

HtfUi f 

} r 


A / 1 Iti vrry y /'I » r I»r ft*> It, u ifff; il-inik* 1 ir;i| • 
1 1 1) /HI, iri i/», , r ,l] If <1 itrij ti i ■ t*r» !■ nr I otn) ni j i, f 
f/foHlI A f I '»♦!'»/' »N tl ilafiHf I // r f»*ri » 

I, w , f tli< III Iti rti • ‘*) y itl I n ir* «« ly 1 t f r I' r It « r ( «/ r < I 
li li t» I i y **»' li, A fty »!•*■ r»#fi } j; I ' » ll »« ] I ' 

f i anr « li ar* all 1 1 | 1 to in tin f; i / I !i In (I <■ ) nr jtl 

r If all, **| « rr tl »■ »1 nf f I I *« I 'i-fi » f »i »» f/ •' *' tl ar 1 r»rf , 
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jVha3 sometimes been found to bo as low as 016 There are of 
course channels retininng values of iV intermediate tothoaboic 
and tie proper aaiue to ho adopted, in any gii cn case, is a matter 
of evpenenco and judgment The deposits irbich occur in Inch 
sowers increase the roughness somewhat The deposit of silt in an 
earthen channel frequently reduces the roughness 
The kinds of channels corresponding to Bazin’s y arc as 
follows — 

109 Cement, planed wootl 
290 Planks, bricks, cat stone 
833 Rubble masonry 

1 54 Sarth il \ery regular, stone rcietments 

2 33 Ordinarj earth 

3 17 Exceptionally rough (beds covered with boulders, sides with 

grass, etc ) 

13 Remarks- — Besides the causes of discropincics among the 
values of C mentioned m chapter » (arts 9 and 11) there are 
others On the Mississippi and Irrawaddy V was obtained b^ 
the double float which gucs erroneous results {chap mm art 0) 
The results of otcr t hundred discharges observed near the head 
of a largo canal in India, when arranged into groups according to 
the depth of silt m the canal, show tho aacrago >aluo of N to ho 
025 when there is little or no silt, but 013 when tho depth of silt 
is from 5 foot upwards Silt generally deposits fn a wedge, tho 
depth being greatest near tho head of the canal It is therefore 
prohahlo that the want of uniformity of the flow gaao a somi 
what enhanced aaluQ to (7, and consequent!) too low a aahic 
toiV This would, however, account onl} partiallj for tho fow 
value of and it is probable that its correct aahio is not more 
than OIG m the silted channel The above a allies are tho avenge 
ones In individual discharges J\r vanes cnormotisl) For one 
particular depth of silt it vanes from 009 to 030 These v ana 
tions luaj ho accounted for part!) b) real variations m tho rough 
ness of tho channel, which often becomes ver) irregular when 
scouring IS going on actively, p-irtl) b) errors in tho observations 
of the individual surface slopes and parti) bv variations m the 
decree of the variabilil) of the flow 
For two clnnncls equal as regards roughnoM of surface ainf 
value of iVis less when the profile of tho section is scmicmuhr 
or curved than when it is angular In Harm’s experiments <u 
small channels C « 5 to 0 per cent less for a rccuanguhr scciion, 
even thou-h the depth was onfv to » of tlic width, than fjt a 
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scmicircuhr channel The difference is probably clue to the effect 
of the eddies produced at the sides (art 7) The co efficients in the 
tables maj be tahen to be for average sections, the section being 
neither a segment of a circle nor a rectangle (Sec also art 4 ) 
For smooth channels of small hydraulic radius Kuttcr’s co 
efficients gi\ 0 results ^rhich are too low For iron or a cr_} smooth 
masonr} conduits of diameters less than a foot, if jS^'is taken to be 
Oil, Fcomes out much too loir For such eases Smith’s or Fan 
mngs pipe CO efficients should be used (See also chap a art 9) 
Similarly for bnck sewers, if jY is taken to be 013, V is too low and 
Bazin’s co-cfficicnts ma^ be used These facts point to the greater 
accuracy of Bazin's co-cfficients for small and smooth channels 
In earthen channels IT seems to be particularlj loav arhen the 
ratio of aridth to depth is great On the river Eaai at Sidhnai 
the a aluc of deduced from a long senes of observ ations, is often 

OOS or 010, and ncaer aery much higher The bed is often 
silted, but not always The flo« is practically uniform, and the 
slope obacraations were checked anth a aicw to discovering any 
error The rncr is straight, aerj regular, about 800 feet ando, 
and C feet to 10 feet deep The ease avas specially inacstigated, 
and It seems to be proacd that N at this site is not aboao 010 
It IS possible that the low aalue is due to the small effect of eddies 
from the sides, as compared anth narrow cr streams and to the 
regulant} of the flow Generally streams as ande as the Raa i 
are irregular ^ 

Section V — iIo\*E3iENT oi Solids bt a Streaji 

14 ronnulas and their Application — The obseraations made 
b} Kenned}, and referred to m chap ii (art 22), aacre made in 
India on the Ban Doab Canal and its branches, the aridths of the 
channels aarying from 8 feet to 91 feet, and the depths of aaatcr 
from 2 3 feet to 7 3 feet The beds of these channels haae, in the 
course of year® adjusted thcmselacs b} silting or scounng, so that 
there is a state of permanent regime, each stream carra ing its full 
charge of silt, and the charges m all being equal It was found 
that the relation between D and V m an} channel avas nearly 
giacn by the equation 

V= 84l;« (71) 

Put in a general form, this equation is 
V=cir' (72) 

* &ee ftleo Appendix C 
U 
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The theorj advanced in the paper quoted is that the silt supported 
per square foot of bed is P^D ^vhere is the charge of silt, and 
the force of the eddies as r*, so that PJ) is as V If the solids 
consisted only of silt jn iroidd be but there is also drift The 
silt discharge is BDFP^, or is as" BF* The drift discharge is 
supposed to be as BF, and relatively small, and the total solid 
discharge is thus as a function of F^ varying less rapidly than 
say as F''* On the Ban DoabCanal noras 2 5C For, since /F' is 
as F, D IS as F^ \ and BDFP as BPF^^^ 

Let Fj bo the bottom velocity and v tho drift velocity If it 



and J ) — the force of the current on the drift ts (FJ— t)’, and the 
friction of the drift on the channel as t, and that the depth of the 
drift may increase w ith F, then m may come out Jovrer, <5av Jc«s 
than ^ for silt alone, or i for all solids The equation 
7^=105/)' (73) 

agrees nearly as closclj as equation 67 with the observed results 
All the above equations arc partly empirical, and obvioush 
apply on!} to cases :n which the silt and drift bear some sort of 
proportion to each other In theoretical equations of gcnci il 
application silt and drift mould have to be considcied sepantoli 
If there IS silt and no drift, equation 72 maj be of tho true form 
for all eases, in being probabl} I or less If there is drift and no 
silt, as in a clear stream rolling grave! oi boulders, the moving 
force depends on Fj, and 7? will Imj absent from the equation or 


will enter into it onl} in so far as the ratio ma} depend on 1> 


llcgardwg equation 71 as a semi cmpmcil viorlnij, equation— 
and no more has been claimed for it — applicable to canal sjstcnH 
and streams carrying silt and fine sand, its j»ractical importance is 
verj great It is now known that la order to prevent, sw, a 
deposit ill an} reach or biaiich, /"must not be kept constant, 1 ut 
be altered in tlic same maniicns // ^Wicthcr it be altered ns 


or 1)^ docs not, for moderate thangc', make ver} much dilbr 
once The exact figures will in lime Ic letter hnown 1« 
designing a channel the proper relation of depth tovclocitv cm 
bo arranged for, or, at least, one ijuantitv or the other hcjvt m the 
ascendant according ns scouring or silting is the evil to 1 eguartle 1 


against 

The old idea was tint an incn.aso in F, even if aecompanie 11 v an 
increa'c in Jf, gav e increased silt transporting j>ovrcr In a stream 
of shallow section this is irobaMi correct for /' mere isrs a* 
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that IS, as fast as required by equation 71, and faster than required 
by equation 73 In a stream of deep section a decrease in I) gives 
incrcasedsilt-transportingpovrer If thcdischarge is 0xcd, achangc 
m D or JF must be met by a change of the opposite kind in the 
other quantity In this case widening or narrowing the channel may 
be proper according to circumstances In a deep section wdcning 
will decrease the depth of water, and may also increase the ^elo- 
city, and it m ill thus gu c increased scouring poM cr In a shallow 
section narrowing will increase the velocity more than it increases 
In a medium section it is a matter of exact calculation to hnd 
out w hethcr widening or narrowing n ill improv e matters 
If the water entering a canal has a higher silt-charge than can 
be earned m the canal some of it must deposit Suppose an 
increased discharge to be nin, and that this gnes a higher silt- 
carr^ing power and a smaller rate of deposit per cubic foot of 
discharge, it does not follow that the deposit w ill be less because 
the quantity of silt entering the canal is now greater than before, 
Owing to want of knowledge regarding the proportions of silt and 
drift, and to want of exactness in the formulTi, reliable calculations 
regarding proportions deposited cannot be made 
Assuming equation 71 to be correct, Kcnncdi has determined 
the following ‘ critical v clocities,’ or a clocitics below w Inch silting 
will occur in channels supplied with turbid water, such as that of 
the Indian rn ers, and has also published diagrams gt\ mg details 
1 2 3 1 5 C 7 8 9 10 

SI 1 30 1 70 2 01 2 35 2 C4 2 92 3 1b 3 43 3 C7 
15 Bemarks — The channels m which the observations above 
referred to were made have all, as stated, assumed iicarl} rcct 
angular cross section^, the sides having 
become vertical (I ig ll4)b\ the deposit 
on them of finer silt, but the equations 
jirobablv applv approximatclv to anv 
channel if If is the mean depth from 
side to side, and J’ the mean vclocitv in tin. whnle section 

If the ratio of V to If^, sav /’to /<**, differs in different part< 
of a cross section, there is a tendenev towards deposit in the jurts 
where the ratio is least, or to scour where it is grcatc*t There 
IS of course, a tcndenc} for the silt-charge to adjust itself to the 
circumstances of each part of the stream, that i« to I'ccome le*s 
where the above ratio is less, but the irregular movtrnentB<f the 
stream cause a transference of water tran^vcrsclv as well as 
vcrlieallv, and this tends toe]uali«e the silt-charge In a char r el 
with not verv steep side slopes the ancles at V (hig 115) 
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frequently silt up — the \cIocity there being relatucly Ioi\' — and 
the sides become steep or \crtical 
Sometimes, e^en ^\hen the sides are 
vertical, fine silt adheres to them, and 
the channel contracts, c\ en though there 
may be no deposit in the bed ‘When 
the bed IS lo\el across there frequontlj occurs a shoaling near the 
sides, or a scour in the middle, and a marked 
rounding off at the lower angles The section 
thus tends to assume the form shown in 
Tig 116 When the bed is of sand, as in the 
I3ari Doab Canal channels, it remains ncarl} 
level, because the sand at the sides rolls towards the centre 
It is clearly impossible to ansu cr, m a general manner, questions 
such as avhether the cmbanXing of a rner, or confining it hi 
training v alls, i\ ill cause its bed to rise or to scour , whether silt 
Mill deposit on flooded land, Mhcthcr the minor arm of a stream 
Mill tend to silt and become obliterated Eicrj tiling depends on 
the charge of silt originally carried, on the hardness of tlic 
channels, and on the relations bctMccn J) and V 
On some Indian cnnals the bed Mhcn the avnter is shut ofT, form* n sue 
cession of steps, each nhout 1 foot or less in height, And SO to SO feet ft; art 
Prom one step to the neat the bed slopes upwards This condition seems to 
occur Mhcn the material ti pandyand scour is going on The sand seems 
to 1 0 rolled up the long slope, nud to fftlloaer the step 
Some nicrs in the northern hemisphere which floM mnsouthcrl; dircc 
tion base ft tendenej to shift their cl anncls wc-^tMards Tins m espccnIJj 
11 liccablc m some of the Indian nvem The icvolution of tin larth has 
been ascribed as a cause As the aiatcr approaches tl e t juator its \cl icit) 
of rotation about the earth b a’iis incrCT'cs Iti latitude 30' a stream flow 
iT)g south at 2 miles nn Ji>nr has rla aclocity rf rotilioii Increase 1 in one 
hour from alioiit 13i>0 feet per second t> 1300 17 feet per see mil «r l> 
37 fett per second This la not n large amount m an hour, an I tl c ] rcsstiri 
duo to it imiat be a nCplifeil le qiiantilj 

I'\ \Miirs‘ 

Explanation — The explanation giacn under cx iiiipKs in Chapter 
a ipplics aUo to open thaniicls If onl} one factor, sij *S, h 
fixed an infinite number of channels can bo <Io«jgned to carr^ a 
gnen discharge, but nsuall} other faclnrh are dctcrnnncil b} 
practical considerations the ratio of the side plopoi, sa\, b) the 
nature of the soil, and the ratio of 7/' to I>, saj, b> the aelociti 
• \l hen these 1- iftmple* wire worLel out Itizmi iie«' crtefcicnti I»1 
not come to notice Tliej can l>c used in t! o lamc w») M Kuttrr » 
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desirable or the solid moving power required If F must not 
fall below a certain minimum this can be arranged by keeping L 
largo enough, or if this cannot be done, by altering S, 
or <? If F 13 not to exceed a certain maximum R can bo kept 
down, or S can be reduced to any extent by placing falls in the 
channel 

Example 1 — Find the discharge of a stream with \ ertical sides > 
and 15 ft wide when J5=5 5 ft , 017, and S=l m 5225 

From tablo^xliii A=i75 and JR=\ 74 From table xxx> 
C'^7»=183 From table xxtju a slope of gives V=250, 
and the percentage to be deducted is j9^=2 2, making Fs=2 53 
Then (?=75x2 53=189 8 c ft per second 

Example 2 — Design a channel with side slopes 1 to 1 to dis 
charge 1000 c ft per second, S being and JS’'= 0225 The 
figures in the annexed statement show the results of successive 
trials, the hod width being 40 ft It is clear that % depth of 
7 1 3 ft gu cs the requisite discharge 



l»t tnal 

B<1 tritL 

3rd trf*L 

Bel width, 

40 

40 

40 

Depth, 

75 

7 25 

70 

A from table xlr 

35G3 

342 6 ICO 

s'A from table sir , 

2 41 

2 33 

2 34 , 

C tJP from table xxxvii , 

2IC 

212 203 1 

1 from table xxviti 

30.» 

3 00 

2 04 

Q~Ar, 

1087 

1028 

0C7 


Example 3 — In the preceding example let F be limited to 
3 5 ft per second Find the minimum bed width 

A must be 400 From table xxnii t is 17G, and this in 

table xxxMi gnes ,yi?=2 08 From table xh a bed width of 
80 ft and depth 4 75 ft gives practically the required values of 
A and 

Example 4 — A channel 20 ft. wide with side slopes 4 to 1 and 
depth 5 ft has to discharge 240 c ft per second \ being 025 
Find S 

I rom tabic xliv / = 1 1 2 5 and ^ = I 00 Then f — 

2 13 ft per second A«ume S to be Then table xxviii 

gives = 151, which corresponds m tal le xixvm to ^I=2-0 
Therefore S has boon as«uractl too low \s«ume it to be 
then t\/A=142 and ^'P=l 92 To }*c exact ^'5 niu«t bo 
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hydrvtilics 


1 aq 

mcreased in the ratio or by 1 per cent nearly, that is, 
^=TST£ 


Example 5 — Keeping Q the same, alter i) and S in the hst cisc 
so as to give the necessary ntio of T to D to pro\cnt silting 
according to the rules of art 14 
The statement given below shows that if D is reduced to 3 25 ft 
S mil be as before (1 in 4410), hut irmmt be increased to 40 ft 
If IF" IS left unaltered D can be 4 75, but S must bo increased to 
about 1 in 3572 In a short channel, or one containing falls, it 
ould be easiest to increase S, but othcrTi isc it v ould be necessary 
to widen 


Depth of vatcr, 5 0 

Velocity according to abo\ e rule, 2 30 

Mean mdth of channel to mahol 
<?=!240 c ft per second, / 

Bed width of channel to nearestl 
foot, / 

JR from table xln , 1 87 

from tabic x\x\ 111 , 137 
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as aboNC, 1 m 


) 


4 5 

40 

35 

30 

i 2 20 

204 

1 87 

1 70 

24 2 

20 1 

3CC 

47 

22 

27 

35 

15 

1 r> 

1 70 

1 73 

1 C4 

135 

129 

123 

114 

37C1 

1000 

1320 

4'’00 


Example 6 — In a channel / is found to bo J 8 sq ft, JR h 
1 t ft, Q IS hnown to be 100 c ft per second, ami S m 3 ,V 
Find C and JV 

V IS 08 ft per second From table \x\iii , if &— q jo* 

iddition of 61 to 3000 decreases J' b^ 1 per 
cent , an addition of 100 decreases Kbj 1 6 percent , and C JR 
must bo increased by 1 C per cent, that is, it is 1158 Ilicn 

C'— 11^=82 7, which (table x\\\i) correspomN scr) ncarl} to 

R =020 

Example 7 In a channel with vertical sides, 70 ft wide and 

5 ft deep, tbo central surface \clocitj is 3 ft per second, K i* 
025 V hat IS VI 

From the table on page 100 >3 is SO I rom the til !c on pa.o 
lC5«is 0J5 Then r=3x SOX 915=2 ft per scc< ml 
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Tables of Kutter’s and Bazin’s Co*efficients 
Thc«e arc gi\en to thrco figure^ and tho engineer uho uses 
them will be fortunate if the actuals come out so as to agree with 
the third figure or c\cn come near it To add a fourth figure is 
useless and it would render the tables bulk) and less conacnient 
The values of C ha^ c been obtained from the four figure a alues 
of C, and the figures in cveess of three struck ofT 
As^’’ increases the dilTercncc m (7 becomes less in proportion 
to the change in X lienee it is not nece«sary to gne C for 
iV=*0325 


Table XXIX.— Kutter’s Co-EmciFNTs (X= 009) 


vr 

Ua^OOO 

1 in IS COO 

1 Id 10 000 

1 In S KO 

llD 

•SCO 

IlnlODO 

C 

wr 

C 


C 

CvT 

C 

wr 

C 

Cs'r 

C 


4 

on 

37 4 

9S9 


106 

422 

114 

45 f 

1)9 

47 7 

123 

49 1 

45 

101 

45 G 

107 

43 

113 

51 < 

i«><* 

54 7 

127 

57 

130 

58 5 

S 

lOS 

54 2 

114 

56 8 

120 

€0 I 

128 

64 2 

133 

661 

137 

CS2 

55 

115 

63 5 

120 

65 2 

127 

$9 6 

134 

73 { 

139 

76 a 

142 

78 ll 

C 

121 

r 

120 

7..f 

132 

79 ^ 

140 

84 

145 

86 7 

147 

88 4 

65 

127 

82: 

132 

85 S 

13$ 

89: 

145 

942 

149 

97 

152 

93 8 

7 

133 

92 7 

137 

00 J 

141 

100 

150 

105 

154 

108 

loC 

109 

8 

142 

114 

147 

117 

152 

12** 

158 

126 

102 

129 

164 

131 

9 

151 

13C 

1.>S 

140 

160 

144 

165 

149 

168 

151 

170 

153 

1 

159 

159 

1G3 

ICJ 

IC7 

167 

171 

171 

174 

174 

175 

175 

1 1 

1C6 

183 

1C9 

ISC 

173 

190 

177 

194 

179 

197 

ISO 

198 

1 2 

173 

207 

175 

210 

178 

214 

ISl 

218 

183 

220 

184 

22t 

13 

178 

232 

ISO 

215 

183 

23S 

185 

241 

187 

243 

188 

244 

14 

1S4 

257 

185 

2j9 

157 

262 

189 

265 

190 

267 

191 

267 

1 5 

ISS 

283 

100 

285 

131 

287 

193 

289 

193 

290 

194 

291 

1 C 

193 

309 

194 

310 

190 

311 

196 

113 

I9C 

314 

197 

314 

17 

197 

335 

197 

33G 

198 

336 

19S 

337 

199 

338 

199 

33S 

IS 

201 

3C2 

201 

3G2 

201 

362 

201 

362 

201 

362 

201 

362 

1 9 

204 

338 

204 

388 

'»04 

3S7 

203 

3S6 

203 

3S6 

201 

386 

2 

208 

415 

207 

414 

206 

413 

20o 

411 

205 

410 

205 

409 

21 

211 

443 

2!0 

440 

209 

43.V 

"O? 

43S 

207 


200 

433 

n n 

214 

470 

Oio 

407 

2II 

464 

209 

460 

208 

459 

20S 

457 

23 

21G 

497 

215 

494 

213 

490 

211 

4So 

210 

483 

209 

481 

2 4 

219 

525 

217 

520 

215 

516 

213 

510 

211 

507 

211 

506 

25 

221 

553 

219 

547 

217 

541 

214 

515 

213 

532 

212 

529 

2 G 

2‘’3 

5S1 

ooi 

574 

218 

568 

215 

o60 

214 

5oG 

213 

5j)4 

27 

220 

C09 

223 

601 

220 

594 

217 

5S5 

215 

581 

214 

ST8 

2 S 

223 

617 

224 

C29 

221 

620 

218 

CIO 

216 

605 

215 

602 

29 

ooq 

CG5 

226 

656 

221 

646 

219 

635 

217 

630 

210 

626 

3 

231 

C94 

228 

683 

224 

673 

220 

660 

21S 

694 

217 

650 



nr<ni*;iii 


Cv'J’ C |C^/n C Cv'j' C Cv^JJ C Cv-i? c \CVR 


4 81 32 4 

43 87 9 39 6 

D 94 4 47 2 I 
5o 100 So 2 1 
G 106 63 6 ] 
D5 111 72 3 ] 
7 lie 81 4 ] 
i 12G 100 1 

} U4 120 ] 

Ul 141 ] 

1 148 1C2 1 

2 154 184 1 

1 159 207 1 

I 1C4 230 1 

) 169 ,2o3 1 

5 173 277 1 

' 177 301 3 

1 181 325 1 

I 184 350 ■ 

187 375 
190 400 
! 193 425 

: 100 4o0 

198 476 
201 501 


3 914 36 6 99 39 6 104 41 o 107 42 7 

3 983 443 106 47 6 110 49" 114 -il J 

6 105 524 112 56 117 58 2 120 ^9 7 

3 111 60 8 118 64 7 122 67 J2o 68 6 

3 116 69 6 123 73 7 127 76 1 130 77 7 

3 121 78 7 128 82 9 131 85 4 134 87 

3 126 88 132 92 3 136 94 9 138 90 0 

134 107 140 112 143 114 143 116 

141 127 146 132 149 134 ISl HO 

148 148 152 152 155 155 156 loO 

164 169 157 173 159 17o Kl 177 

159 190 162 194 IC4 196 163 198 

163 212 ICC 21c IC7 217 168 219 

167 234 IfO 237 17l 239 171 240 

171 257 173 2S9 174 2C0 171 201 

175 280 1761281 17c 2S2 177 282 
178 302 178 393 179 304 179 304 

18l|3‘»o 181 I 326 ( 181 326 181 320 
i . 33 347 


'‘'5 1507 I 194 I oUJ 1 iJ3 '101 
I r<>n I i«) I >^or I 194 I '■ 23 
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T\rLr XXXI— Ktrrm’s Cormcirm (.VssOIl) 










HYDRAULICS 


8G 


Table XXXII. — Bazin’s and Kutter’s Co-efficients, 
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Tabte XXXIV — Kutter’s Co-FFTICIENTS 015) 


vr. 

Hn 20 000 

1 in 15 OOO 

Un 10 OOO 

1 in 6 000 

1 in 2 500 

1 1 In 1 000 

C 


C 

Cv/A 

C 

C^R 

C 

CW 

C 

wr 

c 


4 

4G8 

1S7 

49 4 

19S 

52 7 

21 1 

571 

22 9 

60 

24 

62 

24 8, 


53 9 

27 8 

SSI 

29 2 

Cl C 

30} 

66 1 

33 

G8D 

34^ 

701 

55 4) 

G 

G3 4 

38 

66 1 

30 7 

69 ^ 

41 7 

718 

44 1 

76^ 

45 1 

78' 

47 9 

7 

70 4 

49 i 

73 

51 2 

7G2 

53 4 

80 • 

5G2 

82? 

58 

84 6 

59 2 

8 

77 : 

61 7 

794 

03 7 

82 6 

66 

861 

CO ] 

88 ( 

TOE 

901 

72 1 

y 

831 

74 8 

85 4 

70 4 

88 J 

70 i 

91 6 

82 4 

Ole 

84 2 

04 9 

85 4 

1 

88 C 

88 C 

90 e 

90 G 

93 1 

93 1 

961 

9C 1 

97 C 

97 0 

90 1 

991 

1 1 

98 G 

103 

95 S 

105 

»7 7 

107 

100 

no 

102 

112 

103 

113 

12 





t 




105 

126 

100 

127 

1.1 









109 

141 

109 

142 

1 4 



• 






111 

156 

112 

157 

15 

111 

IG6 

111 

100 

U2 

168 

113 

170 

114 

172 

114 

172 

1 C 

114 

182 

US 

183 

lt5 

184 

lie 

185 

nc 

ISC 

117 

187 

1 7 

117 

190 

118 

200 

118 

201 

116 

201 

no 

202 

no 

202 

1 S 

120 

217 

120 

217 

120 

217 

121 

217 

121 

217 

IDl 

217 

1 9 

121 

234 

123 

234 

124 

233 

121 

211 

122 

213 


232 

2k 

12G 

O , 1 

12G 

251 

125 

250 

125 

249 

124 

243 

124 

248 


129 

270 

128, 

260 

127 

267 

120 

205 

120 

204 

125 

263 








27[2«0f 

127 

“75 


23 

24 
2 5 

2 G 

27 

28 
29 

3 


J4'5 421 
147 440 


143) • 
144 4. • 
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HYDRAULICS 


Tatjle XXXVI, — Kutter's Co-efficients (iV= 020) 
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Tahle XXXVII.— Rabin’s and Kurran’s Co-efficients 
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Table XXXVIII. — Bazin’s and Kutter’s Co efficients 


Bazin 

KntUr W= 02. 

y = 2 3j 

1 In 20,000 

1 m 1%000 

1 in 10,000 1 in 5,000 

1 in 2,500 

1 [ill 000 

c j C^/i 

L j CVK 

c jcv’Ji 

L j(v'A| C jcs//J 


[-s/A 

c jcv'/i^ 





1 



I I. I 1 I - I ( ! 1 ^ ' ! ' 

f JJ!=s 4 5 Ti C 7 8 

;m’«co-clDc.itMitsforhigljer»ftlocBoi;?|‘'^T_jy3 joT 113 118 122 
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Table XL — Bazin’s and Kutter’s Co ErnciENTS. 


1 

Ratter A- 030 

,01 

1 in 20 OOO 

'tlnl%0(l0 linlOOOO IsnSOOO 11ii2 500 1 

C Cv'i 

c c^r 

C (VR G G^/L C Cs/2 C C’v'i’ C 

17 9 '■1 C' 

10 76 

19 8 79^09 8 4 22 4 9 315 94 24 


G 

7 

8 
9 

1 

3 

i 

5 

R 

7 

S 

9 

1 

3 

i 

0 

7 
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Taele XLII — Bazin’s Old Co efficients 

These co efficients have been superseded by Bazm’s New Co efficients, but 
are given here because they may be still considered suitable in some eases, 
or may be required for reference 


r 

Very Smooth 
Channels 
(Cement ) 

Smooth 
Channels 
(Ashlar or 
Bnckworh ) 

Bough 
Channels 
(B ibble 
Masonry ) 

VeryKoogh 
Cl annelt 
(Earth ) 

Eacessnely 
Boogh 
Channels 
(EncumViered 
with Detrit ) 


•0031Q 

OOJOl 

■00 0 

■OOaO’ 

D0S46 

p- 

1 

23 

S2 

i 1 


22 

123 

9a 

57 

26 

18 5 

o 

13a 

no 

72 

36 

25 6 

"ui 

139 

116 

81 , 
%lJ 

42 

30 8 

1 

141 

119 

48 

34 0 

1 S 

143 

122 

94 

50 

41 2 

2 

144 

124 

98 

62 

46 

Cl 

14a 

120 

101 

67 


3 

143 

126 

104 

70 

53 

3 J 

UG 

127 

10a 

73 


4 

146 

128 

106 

76 

5S 

4 5 

14Q 

128 

107 

78 



146 

128 

108 

SO 

62 


146 

129 

109 

82 


G 

147 

129 

no 

84 

6) 

0 5 

147 

129 

no 

85 


7 

147 

129 

no 

86 

67 


147 

12*1 

in 

87 


8 

147 

130 

in 

88 

GO 


147 

ISO 

112 

89 


9 

147 

130 

112 

90 

71 


147 

130 

112 

90 


10 

147 

130 

112 

01 

72 


147 

130 

in 

92 


12 

147 

130 

in 

91 

74 

13 

147 

130 

in 

04 


14 

147 

130 

in 

9) 


147 

130 

114 

OG 

77 


147 

no 

114 

07 



147 

m 

1)4 

07 



147 

m 

114 

08 



147 

ni 

114 

OS 



148 

ni 

111 

1IH> 



14S 

ni 

ir. 

lie 



148 

ni 

lit) 

101 



148 

ni 

116 

IIM 


Infinity 

14S 

131 

117 

las 
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TABLES OP SFCnONAL DATA 

EECTA^CtLAR AKD TRAPEZOIDAL SECTIONS 

For a bed icidlk uUermedtaU to those gnea it is only necessary, in order to 
find A, to multiply Z) by the difference in width and add or subtract the 
result Thus, for bed 43 ft , slope i to 1, and depth 3 75 ft , ^4 = 175 8 
-*^7ox2 = lC8 3 tJB changes bo slowly that the correct figure can bo 
interpolated by inspection * 

outside the range idth W and 

depth D, look out for by 2, or for 

and and multiply bj 3 Interpolations can also be made on this 
principle For instance, the figures for a bed of 12 5 feet can be found 
trom those for a 50 feet bed 

For side slopes oj 4to3 and 3 to 4 — A and are the same respective!} 
as for a rectangular section and a ^ to 1 section of the same mean v idth 
Thus for a channel of bed 21 feet, side slope 4 to 3, and depth 3 feet, the 
mean width la 2o feet, and 75, *)C For a bed width of 11 feet, 

aide slopes 3 to 4, and depth 4 feet, tho mean width is 14 feet, which is the 
same as for a channel with bed 13 feet. Bide slopes 4 to 1, and depth 4 feet 
^s50 and = l 04 These rul ’ 


laiio oi itio eiue slopes, auu ut-penus 


Table XLIII —Sectional Data for Open Cbannels 


Rectanguhr Sections 


Bfptli 

of 

Water 

Bed 1 foot 

Bed 

Sfeet 

Bed 3 feet 

Bed 4 feet 

Bed & feet 

A 

v'P 

•< 

Vr 

A 


■* 


A 


feet 











0 

5 

5 

1 

5« 

1 5 

G1 

2 

03 

o ■ 

Co 

75 

75 

53 

1 .5 

C6 

3 2o 

71 

3 

74 

3 75 

7G 

1 

1 

58 

2 

71 

3 


4 

82 


So 

l-2> 

1*25 

6 

2 5 

74 


S3 

5 

S8 

6 25 

91 

1 5 

1 .•> 

ei 

3 

78 

4 5 

87 

r. 

93 


97 

1 7o 

1 75 

C2 

3 5 

8 


9 


97 

8 75 

1 01 

2 

2 

63 

4 

82 

6 

93 

8 

1 

10 

1 05 

2 25 

2'2.i 

G4 

4 5 

83 

0 75 

9> 

9 

1 03 

11 25 

1 09 

2 0 

2 5 

C5 

5 

84 

7 5 

97 

10 

1 0> 

12 5 

1 12 

2 7o 

2 73 

05 

5 5 

8C 

82> 

99 

11 

1 08 

13 75 

1 14 

3 

3 

fC 

0 

87 

9 

1 

IJ 

1 1 

15 

1 17 

3 2' 



G .5 

87 

9 75 

1 01 

13 

1 11 

lG-25 

1 19 

3 5 




SS 

10 5 

1 02 

14 

1 13 

17 5 

1 21 

11 Vo 



75 

89 

11 2o 

1 03 

15 

1 14 

18 75 

1-23 

4 



8 

89 

13 

1-04 

lU 

1 15 

20 

1-24 

4”2o 





13 75 

1 05 

17 

1 17 

21-25 

125 

4 5 





135 

1 07 

18 

1 19 

o.> 

1-27 

4 75 





14 25 

1-07 

19 

1 19 

23 75 

1-2S 






.5 

l-OT 

20 

1-2 

2o 

1-29 
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Table XLIII — OonUnued {Uedanquhr ) 


T>epl\i 

of 

Water 

Bed 0 feet 

Bed 7 feet 

Bed 8 feet 

Bed 10 feet 

Bed 12 f et 

A 

VF 

A 

v'P 

A 


1 ■* 

v'f' 

A 

VP 

Fc(.{ 

3 

Cl 

8 5 

66 

4 

67 

5 

67 

6 

08 

i t) 

i 5 

78 

523 

79 

C 

8 

1 

81 

0 

h2 


6 

87 

7 

8S 

f « 

8 

10 

01 

12 

01 , 

1 

7 5 

94 

B “.I 

96 

10 

83 

125 

1 

1> 

1 02 

I 5 

9 

1 

10 5 

1 03 

12 

1 04 

1) 

1 07 

18 

1 1 

1 75 

10 S 

1 03 

12 25 

1 08 

14 

1 1 

17 5 

1 14 

21 

1 17 

2 

12 

1 1 

14 

1 13 

16 

1 15 

20 

] 2 

24 

1 22 


13 5 

1 13 

1175 

1 17 

IS 

1 2 

1^2 a 

1 25 

27 

1 28 

o f. 

15 

1 17 

17 5 

1 21 

20 

1 24 

2a 

1 20 

30 

1 38 

2 75 

16 S 

1 2 

]92> 

1 2» 

05 

J 28 

27 5 

I 83 

88 

J 37 , 

3 

IS 

1 23 

21 


24 

1 31 

SO 

1 87 

80 

1 41 

3 21 

10 5 

1 2a 

22 75 

1 'i 

26 

1 34 

32 5 

1 4 

80 

1 45 

3 5 

21 

1 28 

24 5 

1 82 

2S 

I 87 

25 

1 43 

42 

1 4S 

3 71 

JJ .1 

1 3 

26 -a 

1 8a 

30 

1 89 

87 5 

I 46 

4,1 

1 >2 

4 

24 

1 81 

2S 

1 87 

82, 

] 41 

40 

1 40 

4S 

1 51 

4 21 


1 83 

20 75 

1 30 

84 

) 44 

42 1 

1 52 

11 

1 58 

4 1 

27 

1 14 

81 5 

I 4 

3(. 

J 40, 

45 

1 a4 

54 

^ , 

4 71 

2S 5 

1 80 

88 2a 

1 42 

88 

1 47 

47 5 

1 .6 

57 

1 68 

5 

30 

1 S7 

85 

1 44 

40 

1 49 

50 

1 IS 

60 

1 65 

r, 0 , 

31 5 

1 80 

36 75 

I 41 

42 

1 >1 

52 1 , 

1 

(13 

1 67 

6 5 

33 

I 39 , 


1 40 

44 

I 12 

5a ( 

1 62 , 

6G 

1 60 


34 5 

1 4 

40 2a 

i 48 

46 

1 a4 

57 5 

1 (>4 

:jn 

1 71 


3(3 

1 41 

42 

1 49 

48 

1 >> 

10 

1 ri 

72 

1 78 

0 25 

C 5 

0 71 

7 

7 75 

8 


, 


1 

1 

_ 


62 

ia 

67 5 , 
"0 

SO 

1 67 

1 (S 

1 C9 

1 71 

1 72 

1 78 

1 74 

1 75 

78 

HI 

S4 

s" 

80 

13 

JC 

1 7_1 

1 7S 1 

1 H 

1 81 1 

1 S8 

1 H4 

1 s5 I 

j 














OPEN CHANNELS — UNIFORM iLOW 


Table XLIII — Conimued {Hectanjulaj ) 


Dei til 

Bed “0 feet. 

Bed SO feet 

Bed 90 feet 

Bed 100 feet 










[fater 


^/P 



A 

V'i* 

•< 

VP 

Feet 

1 

70 


80 


90 


100 


1 5 

105 


120 


135 


150 


2 

140 


160 


180 


200 


2 125 

157 5 


180 


202 5 


22ft 


25 

175 


200 


225 


250 


2 75 

192 5 


220 


247 5 


27ft 


3 

210 


240 


270 


301) 


3 25 

227 5 


260 


292 5 


323 


35 

245 


280 


315 


3ftl) 


3 75 

262 5 


300 


337 5 


375 


4 

280 


320 


360 


400 


4 25 

297 ft 


340 


382 5 


4. 'ft 


4 ft 

315 


300 


405 


450 


4 7ft 

332 5 


380 


427 5 


47ft 


6 

350 


400 


450 


600 


5 25 

3G7 5 


420 


472 5 


620 


5ft 

3S5 


440 


495 


550 


ft 75 

402 5 


400 


6175 


576 


a 

420 


480 


540 


600 


3 25 

437 ft 


m 


5625 

623 


U5 

455 


520 


ft$5 


650 


(5 -ft 

472 5 


540 


607 6 


675 


7 

490 


500 


630 


700 


7 2,*, 

507 5 


580 


652 5 


725 


7ft 

525 


000 


675 


750 


7 T.t 

542 5 


020 


097 5 


77.'> 


S 

560 


640 


720 


800 


8-25 

577 5 


600 


742 5 


825 


8 5 

595 


680 


765 


850 


8 75 

C12 3 


700 


787 5 


875 


U 

630 


720 


810 , 

900 


9-25 

047 5 


740 


832 5 1 

925 


9 ft 

665 


700 


855 1 

950 


9 75 

682 5 
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ITYDRAULICS 


Table XLIV — Sectional Data for Opfn Channfls 
Trapczoxddl Sections — Side slopes ^ to \ 


fl 

f 

er 

Bed 1 foot 

Bel 

'ffet 

Be IS feet 

j Bed 4 feet 

Bed 

-f ct 

A 


A 

V'P 

1 

vn 

A 

■/j 

1 

VI 

t 












G3 

il 

13 

GO 

C3 

63 

2 13 

04 

2G3 

Oj 

” 

1 03 

03 

1 7S 

C9 

2 53 

73 

23 

76 

03 

77 


1 0 

OS 

2 5 

77 

35 

82 

4 1 

8) 

55 

87 

21 

2 03 

73 

3 28 

83 

4 >3 

SS 

1 "3 

02 

7 03 

95 


2 03 

7S 

4 n 

ss 

'>f3 

94 

7 13 

9s 

SG3 

1 02 


3 2S 

S3 

5 03 

92 

6 78 

99 

8 13 

1 04 

10 2s 

1 OS 


1 

8G 

0 

96 

8 

1 03 

10 

1 09 

12 

1 13 


4 78 

SO 

7 03 

1 

028 

1 07 

n 13 

1 13 

13 7S 

1 17 


1C3 

02 

8 13 

1 03 

10 63 

I n 

13 13 

1 17 

1 03 

1 21 

. 

0 13 

93 

0 28 

I 07 

12 03 

‘i- 

14 78 

1 21 

17 

1 21 


71 

90 

10 1 

1 1 

13 1 

) 18 

1C 1 

1 24 

19 1 

1 2'» 

5 



11 73 

1 13 

1103 

1-21 

18 23 

1 27 

21 >3 

1 33 




13 13 

1 16 

ion 

1 24 

20 13 

1^3a 

23 f3 

1 30 

1 



14 53 

1 18 

18 28 

1 27 

22 03 

1 33 

2j 7S 

1 3) 1 




ir 

1 21 

20 

1 20 

21 

1 3D 

2s 

1 121 

1 





21 73 

1 32 

2G 03 

I 30 

30 2S 

I 4' 






23 63 

1 3) 

23 $ 

1 41 

32 C3 

I 17 

5 





2» ■» 

1 37 

3<l 23 

1 14 

3.01 

1 1 
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1 39 

5J 

1 10 

IT 

1 J 



OPEN CHANNELS — UMFORSI ILOW 


Table XLIV — ConttnueiJ to 1 ) 



1 2o « 28 97 

15 10 13 1 04 

1 75 12 03 J 1 

2 U 1 1C 

2-25 10-03 1-21 
2 5 18 13 12.. 

2 75 20-23 1 29 

3 22 5 1 33 

3 25 24 78 1 37 
3 5 27 13 1 4 

3 75 29-23 1 43 

4 33 1 4G 

4 2o 34 53 1 49 
4 o 37 13 1 52 

4 75 39 78 1 o5 

5 42 5 1 57 

5-25 45 28 1 0 
5 5 4S 13 1 62 
5 75 51 03 1 65 


09 10 78 
1 OG 13 13 
I 12 I553 
1 18 18 
1 21 20 *.1 
1 28 23 13 
1 32 2.. 78 
1 3G 28 5 
I 4 31-28 

1 44 34 13 
1 47 37 03 
1 5 40 

1 53 43 03 
I 1 56 4C 13 
i 1 oO 49 28 
I 02 52 5 
1 05 5o 78 
1 07 59 13 
1 09 62 53 
I 71 60 


9-2 10 5 
1 01 13-28 
1 09 10 13 
1 jO W 03 

1 28 2o 03 
1 33 28 13 
1 3S 31 28 
I 42 34 5 
I 40 37 78 

15 41 13 
1 54 44 53 
1 57 48 

16 5153 
J 03 55 13 
1 GO 58 78 
1 09 02 5 

1 72 65 2S 
1 74 70 13 
1 77 74 03 



hydraulics 


Table XLIV — Continued to 1 ) 


Bed 12 feet Bed H feet j Bed 16 feet Bed IS feet Bed "0 feet 


A VB A K/B a VB a N/; ^ Vy 


15 10 1 

1 7o 2,> 5 ; 


2 2> 20 5 

2 5 33 1 


3 2j 44 3 
3 5 4S 1 


4 75 0$ 3 

5 72 5 
5 2o 76 8 
5 5 81 1 


G 5 90 1 

G 75 100 8 
7 lOS 5 
7 2'> 11)3 
75 1181 

7 75 123 
3 128 

3-25 


94 14 5 

1 03 18 3 

1 12 22 1 
1 19 I 26 


1 37 3S 1 
1 42 42 3 

1 47 4G5 

1 o2 50 8 
1 96 55 1 

1 e 59 5 
1 64 64 

1 67 68 5 

1 7 73 1 

1 74 77 8 

1 77 82 5 

18 S7 3 
1 S3 92 1 
1 80 97 

1 8S 102 
1 91 107 
193 112 1 
1 OG 117 3 

1 98 122 5 
i 2 01 127 8 
I 2 03 133 I 

I 2 0*> 13S 5 

2 07 144 


1 Oo 20 8 
1 13 2 j 1 
12 29 5 

1 27 34 

I 33 3S 5 
1 39 43 1 

1 45 47 8 

1 5 52 5 

1 59 57 3 

1 59 62 1 


1 74 82 1 

1 78 87 3 
1 81 92 5 

I 84 97 8 

I 87 103 1 
19 lOS 5 
1 93 114 
I 90 1195 

1 93 125 1 

2 01 130 8 
2 03 no 5 
2 00 142 3 
2 OS 14« 1 
21 I'M 

2 12 ICO 


llQo 23 3 
1 14 2S 1 
'122 33 3 

1 29 38 

1 05 43 

] 41 43 1 


137 C3 8 
1 01 CD 1 


1 74 8i5 

1 78 91 1 

181 96 8 

184 1U'>5 
1 88 lOS 3 
191 lUl 
1 94 120 

1 97 126 

2 102 
2 02 1)8 1 
2 05 144 0 
2 08 KOS 
211 1508 
2 10 IGOl 
□ lO 100 5 
2 17 170 

1S2 0 
191-2 
195 8 


C9 10 10' 09 

S4 15 2A| 34 

DG 20 5 I 9G 
1 OC 2j 8 I 1 OG 
1 15 )l 1 1 1,> 

1 I 36 5 1 20 
10 42 1 01 

1 37 47 'J 1 )S 

1 43 53 1 1 41 

1 49 55 8 J . 

1 54 04 5 1 5j 

I o9 70 0 1 0 
1 C4 70 1 1 Oj 

1 68 82 1 7 

1 72 88 1 74 ' 

1 70 94 1 79 

18 loo 1 1^3 
I 84 IOCS 1 66 
1 S7 1125 1 9- 
1 91 118 8 I 94 
1 94 12) 1 1 97 

1 97 Ml 5 2 

2 ns 2 00 

2 00 144 j 2 0G 
2 00 1 >l 1 2 01 
2 09 1 .7 S 2 12 
2 11 1G4 5 2 1) 

2 14 171 0 2 18 
2 17 178 1 2 2 
2 10 155 2 20 

2 21 10-2 2 2 ). 
2 24 109 2.S 

2 20 20S-2 JO 
2 2S 210 3 2 02 
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Taulf XLIV ’—Continued (A to 1 ) 
















orCN CHANNELS— UMtOl M lLOA\ 


Tadle XLIV.— Confinwtf (A to 1 ) 





HYDIlAirtrCS 


Table XLV, — Sectional Data for Open Channels 


TjapeMidal SecU&ns-^tde^slopes 1 to I. 


Bed foot 

Bed 

feet 

Bed feet 

Bed feet 

Bed 5 feet. 


V'B 

A 

-/Jt 

A 


A 

V'B 

A 


75 

577 

1-25 

605 

t 75 

629 

2 25 

645 

2 75 

655 

1 31 

G52 

200 

707 

2 81 

741 

3 56 

763 

4 31 

779 





■BPfP llP PH 





210 


UYDKAULICS 


Table XLV.-^Conimmi (1 to 1 ) 


DeplU 

De 1 12 feet 

j Bed U feet 

Bed 16 feet 

1 Bed IS feet. 

1 Bed 20 feet. 

Water 

A 


A 

Vr- 

A 

Vr 

A 

vr 

j t 

-,'r 

Tect 

25 

CSC 


6S3 

8 37 

68 

J 9 2“ 

47’ 

1 102 

092 

“ 

9 56 

823 11 31 

S2 

12 84 

! 82S 14 OG 

604 

13 31 


1 

13 

931 

15 

91 

17 

9,> 

19 

0, 

21 

1 ^4 

1 i*? 

10 06 

1 03 

19 06 

I 04 

21 36 

1 03 

24 06 

1 06 

26 '( 

1 OC 

1 ^ 

20 25 

1 12 

23 2') 

1 18 

2»» 2j 

1 14 

‘20 2) 

1 13 

32 2) 

1 15 

1 7) 

24 06 

1 19 

27 56 

1 21 

31 06 


U 50 

1 25 

is 06 

1 24 


23 

1 2G 

S2 

1 28 

30 

] 29 

40 

J 3 

44 

J 51 

•2'io 

32 00 

1 32 

36 30 

1 34 

41 00 

1 33 

43 30 

1 37 

30 00 

1 IS 

S > 

30 23 

1 38 

41 2'» 

1 4 

46 2.> 

1 42 

31 2> 

1 41 

3(i Jo 

1 44 

2 7T 

40 

1 43 

40 00 

1 45 

51 56 

J 47 

37 06 

1 49 

(>2 50 

1 

a 

4,'. 

1 48 

51 

1 31 

57 

1 33 

63 

1 >4 

(9 

1 >6 

32) 

40 56 

1 .'13 

on 00 

1 Ji 

62 56 

1 38 

09 00 

1 39 

73 3(1 

1(1 

3 ’> 

34 23 

1 37 

01 J*. 

1 6 

CS 2.) 

1 (•2 

T* >• 

J 64 

S2 23 

I (6 

3 7') 

39 00 

1 Gi 

C(j '.0 

1 63 

74 OO 

J (.7 

M 36 

) 69 

S9 0C 

1 71 

4 

04 

i (16 

72 

1 69 

80 

1 71 

S8 

1 73 

n() 

1 T3 

4 2' 

()*! 00 

rr 

77 

1 73 

80 00 

1 73 

91 30 

J 7? 

nil 1 

1 70 

4 ') 

74 2.1 

1 73 

si 23 

1 77 

92 23 

1 79 

lOl 1 

1 SI 

no i 

1 84 

4 7') 

70 50 

1 77 

SO 00 

1 s 

98 36 

1 83 

los 1 

1 s, 

1170 

1 S8 

f, 

8» - 

1 S - 

03 

1 S4 

105 

1 H7 

113 

1 89 

12) 

1 91 

“• o\ 

00 56 

1 84 

101 1 

1 S7 

111 n 

1 9 

122 1 

1 91 

J un 

) 93 


OG-25 

1 S7 

107 1 

1 01 

1183 

1 91 

12) 3 

1 96 

1103 

1 99 

" 7" 

102 1 

I 9 

1130 

1 04 

12j 1 

1 97 

HOC 

2 

I4S 1 

2 02 

(< 

108 

1 93 

120 _j 

1 97 

132 

2 

144 

2 03 

'(. 

2 0) 

l)-2.) 

lU 1 

1 9(. 

120 0 

2 

1 19 1 

2 03 

131 0 

2 IKj 

Kit 1 

2 09 

() 'i 

120 2 

1 00 

1 13 3 

203 

14(> 1 , 

2 <10 

1 39 3 

2 09 

72 3 

2 12 

(> "■* 

126 G 

2 02 

140 1 

2 00 

i-iii, 

2 09 

I(>7 1 

2 12 

so 6 

2 13 

7 

133 

2 0*1 

147 

2 09 

161 1 

2 12 

17 > 

2 13 

S9 I 

2 18 

7 

no G 

2 07 

131 1 

2 11 

MSf, 

2 13 

m 1 

2 IS ' 

97 f> 

• 21 

7 

UG3 

2 

IGl 1 

2 14 

176 1 

2 IK 

l')l 1 

2 21 

2i)i> 1 

2 24 

7 7“ 

r.3 1 

2 13 

|( S (> 

2 17 

ISl 1 

2 21 

19) 6 

2 2l 

21 • 1 

> *7 


}li<i 

2 . 

176 

2 19 

l»»2 

2 23 

joS 

2 26 

224 

) ») 

8 2.7 

S 'i 

8 7 1 
•1 

W%’l 

i^’l 



1 

1 


200 1 
20s *1 
216 (> 

2116 
212 3 
2.I1 I 
2t>o 

2 2(» 

2 2H 

2 31 

2 13 

2 13 

2 IS 

2 4 

2 12 

216 0 

22 > 3 
2U 1 1 
213 

2*r 3 

270 6 ' 

2so 

2 2) 

2 12 

2 11 

2 17 

2 19 

2 41 

2 41 

2 l(j 

»ll 1 
IIJ 1 
2.1 6 
'1.1 1 
TOO 
sti3 
‘N| 1 1 
«K) 

2 32 

2 3. 

2 37 

2 1 

2 42 

2 43 

2 17 

2 19 
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Tvrii XIA* •— Con/inw<-/ (1 to 1 ) 


tVft! 

IW S5 fprl. 

IW4yfr*t 

ItMS 

frcL 

ll-t 40 frrt 

lW4Sf«^t 











J 

•s'r 

A 

^ r 

X 


A 

%'r 

A 



Tm 

1 

20 

•*100 

11 

•*»Tr 

v> 

■97<* 

41 

*978 

40 

981 

1 

•N 7* 

1 17 

47*2.5 

1 Is 

f.i . . 

1 J8 

02-25 

1 19 

09 75 

1 I*> 

2 

71 

1 ^1 


1 11 

74 

1 V, 

»i 

1 'W 

91 

1 Hi 

J'i* 

01 *11 

1 4 

7 .-/, 

1 41 

S.I 8 I 

1 42 

‘H-Of 

1 41 

!IK> 1 

1 41 

2 •) 

08 7*> 

1 40 

Mill 

1 47 

*•1 75 

1 49 

IdO 1 

1 5 

MH8 

1 51 

‘ 7’i 

70 *11 

1 21 

•MMR. 

1 51 

Kn 8 

1 V. 

IITC 

I 57 

111 1 

1 58 


*'1 

1 58 

*>"1 

HI 

114 

1 62 

121 

1 n 

111 

I (^1 

1-2.*! 

*11 81 

l-Ol 

lfr> 1 

1-00 

121 1 

1 08 

1400 

I 1.9 

IT. 8 

lL7 

1 n 

*>'» 77 

IT*) 

1171 

1 77 

111 8 

J 71 

1521 

1 75 

jri8 

1 70 

17'. 

107 8 

1 74 

1200 

1 77 

1451 

I ;*» 

101 I 

1 8 

IS2 8 

1 81 

4 

no 

1 7*1 

110 

1 M 

1 >0 

I 81 

17G 

1 S.5 

1*)0 

1 S7 

4 “2.* 

124 *1 

1 <1 

145 0 

1 

100 8 

1 88 

188 1 

1 *1 

219 1 

1 *)2 

4 ) 

112 S 

1 SS 

1 k5 1 

1 'n 

177 H 

1 **1 

2*«» 1 

1 95 

222 8 

1 90 

4 ■*» 

141 *1 

1 *S2 

10,5 1 

1 *‘5 

l»SH 

i-r. 

212b 

1 *<*1 

21b 1 

2 01 

') ll'« 

1 'M. 

175 

t **■) 

200 

‘2 02 

22» 

2 !>} 

2.0 

2 00 

■5 ■2."* 

I^S 8 

1 *17 

ls.5 1 

2 01 

211 1 

206 

21: 0 

2 08 

2.18 

2 1 


107 S 

2-01 

10.5 1 

2-07 

222 8 

2 i 

2-‘i 1 

2 12 

277 8 

2 14 

'»75 

170 8 


2(1.5 0 

2 It 

2M3 

2 U 

2>1 1 

2 10 

211 8 

2 18 

(1 

Iso 

2 11 

210 

2 15 

210 

2 18 

270 

j > 

irtO 

2 22 

(JlU 

1*151 

2 14 

220 0 

2 18 

2.»7 8 

2-21 

289 1 

2 21 

1201 

2 21 

i)0 

201 8 

2 17 

237 1 

‘2 21 

2«9 8 

»->*. 

102 1 

2 ‘28 

114 8 

2 1 

<5 r.*p 

214 3 

>.o 

248 1 

2 ‘2.» 

281 8 

o->.» 

115 0 

2 11 

1191 

2 11 

7 

224 

0-11 

2.J9 

2-28 

2-11 

2 32 

121 

2 14 

1b4 

2 37 

1 

2^1 8 

2-^ 

270 1 

2 11 

1001 

2^5 

312 0 

2 17 

178 8 

2 41 

7 > 

241 8 

‘2 3 

2 S1 1 

2 34 

IISK 

2 38 

TH* 3 

2 41 

1)18 

2 44 1 

7 7o 

2.53 8 

2 31 

2*12 0 

2 37 

131 3 

241 

1,0 1 

2 45 

408 8 

2 47 1 

8 

2(>4 

2 35 

104 

2 4 

344 

2 44 

}S4 

48 

4»4 

2 5 1 

8 2 j 

274 4 

2 3S 

315 G 

2 41 

3>00 

2 47 

1 *i8 I 

2 )1 

489 4 


8 5 

284 8 

2 41 

127 1 

2 40 

109 S 


412 1 


4 >4 8 


8 75 

29>4 

2 44 

339 1 

2 49 

3S2 9 

2o1 

42b b 


470 4 

2 b ^ 

y 

100 

|2 4(. 

351 


190 

2 >0 

411 

2 b 

480 

2 62 1 

y-2o 

310 9 

2 49 

303 1, 

2 >4 

409 4 

2 i9 

ioi G 

2 62 

501 9 

2 b(> 1 

95 

327 8 

2 51 

375 3 


422 « 

201 

4703 

2 Gj 

117 8 

20 s 1 

0 75 

118 9 

2 o4 

387 G 

26 

430 4 

2M 

48,> 1 

2 68 

j33 9 

2 71 

lu 

350 

2 50 

400 

2 02 

4o0 

2 67 

600 

‘2 71 

5j0 

2 74 1 

1U5 







530 3 

« 70 

582 8 

*> 70 1 

11 







561 

2 81 

016 

2 80 ! 

11 5 







593 3 

2 86 

650 8 

2 9 

l‘J 







624 

2 91 

684 

2 94 
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T\nLr XLV — Conimufti (1 to 1 ) 
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HTD^VULICS 


Tkpl^ XL VI — Srcnoxu. Dvtv tx)*' Orr^ CiLorvtLS. 

— Sli* <7 _v U 1 


Tv 

vr^x ' 


J. 


1 

:i-*4 


1 5 


<a-M 
II"*" 
14lrt 
16 o 


6*: 

n 

I2^i> 


14 " 


-s5 6-\» 

'tt T"*: 


I I ^ 

"6 ' 1 -65 2 ' iM 2"*“" "64 

"I "v-to '*"*4 "( 4 ' rr 

'‘J 4 5 •<? 6 > <" 

: ->4 -ftt s -1 
‘)*T I lO-'T 1''0 
-••} Q-M lift n i-«*j \^-u 
H'4 12 I'P* 14 1 12 Iti 1 1> 

14 M 114 K “■> I IT I'M 1- 

114 16**“ 1 1« to*" 122 21"*: I“2T , 

110 lo > x-iTi 22‘U 1-2* 1* I 

1-2S 22 1-> 2 1 "1 > i 1 '4 j 

I'i' 2»t> 1 -52 > '4 1“ 1*“' 

1^ 2*-*.: 1 ^“T 14 14* 
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Table XLVI —Sectional Data for Obfn Channels 

Trapesoidal Seehons — Side slopes io I 


pth 

1 Bed 1 foot 

Bed 

2 feet 

Del 3 feet 

1 Bed A feet 

1 Bed 

j feet 

ter 

A 


A 

•JP 

A 

1 v'K 

•1 

v^r 

A 

^fR 

et 

S7 

o6 

1 38 

C 

\ 88 

03 

2 38 

C4 

2 87. 

G4 

75 

1 10 

rs 

2 34 

-1 

309 

73 

384 

7C 

4.>') 

77 


2 5 

74 

3o 

79 

45 

S3 

55 

85 

G.> 

37 

2 ) 

3 >0 

81 

4 84 

86 

GOO 

1 ^ 

7 34 

93 

8 0^ 

0i 

5 

4 48 

87 

C37 

93 

7 8“ 

07 

9 37 

1 

10 87 

102 

7; 

6 34 

93 

8 09 

00 

0 84 

1 03 

11 59 

1 06 

13 34 

1-09 


8 

90 

10 

I U1 

12 

1 08 

14 

1 12 

IG 

1 lo 

Oj 

6 84 

1 04 

12 09 

1 00 

14 34 

1 14 

1C 79 

1 17 

18 84 , 

1-2 

; 

n 87 

1 1)9 

14 37 

] 14 

JO 87 

1 19 

19 37 

1 >2 

21 87 

I 2j 


14 09 

1 14 

10 84 

1 10 

19 59 

1 23 

--=* 

1 27 

2jOO 

1 3 


IG 0 

1 18 

19 oO 

1 23 

22 5 

12s 


1 31 

2S 

1 31 

2., 



>2 34 

1 28 

2j0 

J 32 

28 81 

1 3G 

32 00 

1 30 




2j 37 

1 32 

2S87 

1 3(, 

32 37 

1 

3)87 ' 

11 

75 



28 G 

1 30 

32 34 

1 4 

30 00 

1 14 

39 S4 I 1 47 




3i 

1 39 

30 

1 11 

4U 

1 17 

44 


lo 





39 81 

I 48 

44 UO 

1 >1 

IS 31 


, 





43 87 I 

1 >1 

48 37 

1 >• 

'S" 







48 09 1 

1 > 

"isi 

1 S 

7 .,.n 
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Taelf XLYl —Cmhmrd (li to 1 ) 


1 D*pth 

Be! !“> feet 

Bed 14 feet 

Bed IC r et 

Bedl'?f'«t 

Bed 'D feet 

1 Water 


1 


1 




J 






I *• 

I -/R 

4 


A 


■ 

vr 

Feet. 



1 






— 


o 

G17 

1 1)8 

7 3' 

63 

8 37 

09 





75 

9 S- 

82 

11 24 S2 

12 8; 

83 

14 34 

83 

laS 

84 


13 5 

91 

15 0 

i 03 

I? » 

94 

19 a 

0) 

21 > 

95 

1 2i> 

17 3- 

' 1 02 

19 S- 

' H>4 

22 3j 

1U4 

24 81 

1 Oa 

27 3- 

1 05 


21 38 

1 11 

24 37 

1 12 

27 37 

1 13 

30 37 

1 14 

3127 

1 15 

1 75 

2o 

1 IS 

29 O' 

1 2 

32 oC 

1 21 

3b OC 

1 22 

39 a' 

1 2,1 


30 

1 1 Jo 

34 

1 20 

18 

1 28 

12 

1 29 

40 

1 

2 23 

34 o< 

1 31 

39 0' 

1 33 

43 o3 

1 24 

48 00 

1 30 

52 

1 37 

1 25 

39 oS 

1 37 

44 27 

1 39 

49 17 

1 4 

54 37 

1 42 

59 17 

1 43 

! 2 7o 

44 3-j 

1 42 

49 S-l 

1 44 

5a 34 

1 46 

60 84 

1 48 

GO 34 

140 


40 > 

1 47 

3j o 

1 > 

Gl 5 

1 al 

G7 aO 

1 a3 

715 

1 54 

1 32> 

54 S4 

1 oJ 

01 3-1 

1 >.> 

07 S4 

1 a6 

74 34 

1 oS 

SO SI 

10 

■? ) 

cn 3S 

1 o7 

07 37 

1 0 

74 37 

1 < 1 

81 37 

1 01 

88 >7 

1 ito 

1 3 70 

cc oa 

1 bl 

72 oa 

1 <>4 

81 09 

1 GO 

88 a9 

1 OS 

90 OJ 

1 10 

' 4 

72 

1 ()J 

SO 

1 08 

8s 

1 7 

OG 

172 

(U 

1 73 

4-2j 

78 09 

1 00 

8G )0 

1 72 

05 09 

1 74 

103 6 

1 7b ' 

12 1 

1 7s 

4 o 

84 3S 

1 72 

93 27 

1 70 

102 4 


111 4 

1 

20 4 

1 s2 

4 7) 

W S4 

1 70 

HW 1 

1 7'» 

|0')8 

1 s2 

no 3 

I S4 

2s 8 

1 8li 

5 

9“ 5 

1 8 

107 1 

1 s> 

M7a 

1 so 

127 3 

1 ss 

37 > 

1-9 

5 i> 

KW 3 

I 83 

114 8 

I SO 

I2.» 1 

1 S9 

13> 8 

1 01 

4G 1 

1 'll 

o o 

111 4 

1 87 

122 4 

I ') 

1114 

1 91 

14 4 

1 Oa 

^>4 

1-07 


use 

1 0 

130 1 

1 01 

141 0 

1 9C 

ol 1 

1 Os 104 0 

2 01 

1 G 

Il2u 

1 04 

138 

1 97 

1 >1) 1 

2 

S'-’ 

2 02 

T4 

2 04 

C 2,, , 

133 0 

I 90 

14G 1 

2 

1 )S 0 , 

2 03 1 

71 1 

2 0a IslO ] 

2 OS 

G > ' 

141 4 

2 

1^4 

2-02 

!G7 4 

2'I0 

80 4 

2 O') 103 4 1 

2 11 


149 4 

2 02 

1G2 9 

200 

17* 4 

2t« 

S9 0 

2 12 2iH4 , 

2 14 

7 

157 ) 

2 07 

171 

2<*0 

s.. . 

2 12 

')0 . 

2 l> 211 » 

2 17 


ia'9 

2 OS 

180 4 

2 12 

'll 9 

2 lo j 

*IKI 4 

2 1s _ 

210 ' 

2 2 

7 ■ 

74 4 

211 1 

180 5 

2 1 > 

*«»4 4 

2 IS L 

lo 1 

2 21 . 

114 

2-2.1 


1S7 1 

2 11 

OSO 

2 17 

>14 1 ' 

2 21 '220 0 

2 21 2 

13 I 

2 2i) 

s 

10-2 

- 17 208 j 

»-o »i 

2 21 210 

S Jol> 1 

1 2S 

8-2.) 




I 


2 n (• 

2 1 2 

■ • 1 

’ U 

8 5 




1 


2tll t 

‘ 82 2 

S4 

"I 





1 




11 2s )s 

57 

9 






*s{ a 

r 111) a ' . 

4 

9-25 






i'll s 

1 311 1 1. 

12 

9 > 


1 




in 1 . 

42 3. 

.4 1. 

1 • 

9 77 






Us 1 . 

1 • 1.37 1 1 - 

47 

10 







0 

17 3'0 

* 
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Table XLVI — Continued (li to 1 ) 


Depth 

of 

Water 

j Bed 50 feet 

j Bed fO feet. 

Bed 

0 feet 

1 Bed sn feet 

Bed DO feet j 

A 

Vr 

A 


A 

1 Vl! 

A 


A 

Pi 

Feet 

1 

51 5 

98 

615 

Ofi 

ns 

98 

81 5 


91 0 

1 

15 

78 Sf 

i i 19 

91 i; 

1 1 18 

108 4 

1 10 

123 4 


ns 4 


2 

106 

i 3 g 

126 

137 

14G 

1 37 

1D6 


166 

1 

2 25 

120 1 

1 44 

142 G 

1 45 

16*) 1 

1 45 

187 6 


2101 

i 

2o 

134 4 

15l 

159 4 

1 52 

184 4 

153 

203 4 


234 4 

1 

2 75 

14S8 

1 u3 

176 3 

1 69 

203 8 

1 6 

231 3 


2a8 8 


3 

163 5 

uu 

193 5 

1 G5 

223 5 

1 60 

2oS5 


2S3 5 

j 


178 3 

17 

210 8 

1 VI 

2413 

1 73 

2755 


308 3 


35 

103 4 

176 

228 4 

1 V7 

203 4 

1 79 

298 4 


333 4 

1 

1 3 73 

208 6 

181 

240 1 

1 83 

283 6 

1 84 

321 1 

3o8 6 

j 

4 

2-'*4 

i 86 ' 

264 

188 

304 

19 

sw 

( ( 3S4 


4 2>, 

239 6 

1 02 

2321 

1 91 

324 6 

195 

367 1 

403 G 


45 ' 

235 4 

i 1 

3'»0 4 

J 99 

345 4 , 

0 

190 4 . 

43a 4 


4 75| 

271 3 

2 01 1 

318 8 

2 03 

360 3 1 

2 O 0 

1 413 8 ' 


1 4ul 3 


' 

287 5 

2 0,, 1 

337 5 

20j 

387 5 1 

2 1 

' 4375 


487 0 


5 >,■> 

303 8 

21 ' 

3o6 3 

2 12 

408 8 1 

2 U 

, 461 3 


1 6IJS 



3J0 t 

2U| 

37^4 

2J7 

470 4 

2 10 

49a 4 


t 540 4 


5 75 

337 1 

12 IS 

394 6 1 

2 21 

402 1 

223 

500 6 


687 i 


6 

. 3^4 

1290 1 

414 1 

2 2.) 

474 

227 

634 


594 1 


G ’J 

371 1 

l 2 2 o 1 

433 0 

2 29 

496 1 

2 12 

558 C 


621 1 ' 


H5 

3S8 i 

123 

453 4 

2 33 

518 4 

230 

591 4 


648 4 


6 7i> 

40^9 


473 4 


510 9 

1 

GUS4 


cr>) 9 


7 

423 0 

2 37 

493 5 

24 

503 0 

2 43 1 

033 a 


7015 


723 

441 4 


513 0 


5SG4 

1 

Ca8 9 


731 4 


7,'i 

4i9 4 

2 44 

534 4 

247 

6094 

2 jI 1 

681 4 


7 04 


7 75 

477 G 

2 47 

1 


632 0 

2 j4 1 

710 1 


787 0 


S 

406 


576 

2s>4 

GOG 

2 57 

730 


810 


825 

5J4 0 


607 1 


0^9 0 


7*21 ( 

1 

841 6 


85 

533 4 

2 67 

618 4 

2 01 

7014 

201 j 

78S 4 


8714 


8 75 

5.j2 3 

2 6 

030 S ' 

iU 

"27 3 

\ 

814 8 

f 

902 7 


0 

571 5 

2 03 

6Gl 5 

207 

757 J 

2 71 1 

Ml 7 

J 

931 J 


9 2.? 

590 S 


CSS'S ' 

2'J 

7>t> 

2 74 

80S 1 


9C0 8 



G10 4 

2 on 

70j 1 

2 ;•! 

800 4 

2 77 

80) 4 ' 


990 1 1 


630 


727 5 , 

3-75 

82 o 

28 

O’-iS I 



6>0 

2 75 


2 iU 

850 

2 83 1 

9 0 1 

U)f) 1 



600 4 

28 

70) 1 . 

2 85 

9<H)4 

2 80 1 I'll.) 1 

1 

no 



731 5 

2 86 

8 II 5 . 

2 U 

*)jl 5 

291 1(K2 1 

1172 


11 5 

773 4 

291 

8s8 4 . 

296 1 

rtH 

3 (1 

118 i 

I. 
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12 

8JC 

2 % 

930 : 

1 01 1 

n 0 

3 O 0 |l 
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Tvnr \LVII— SrcrriONAr Datv to? 0\ai Sn\Ers (Art 3) 
MetrflpoUfan Otot I 
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Table XL VIII — Sectional Data for Oval Sewers (Art 3 ) 
Hawt^^s Oioul 
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Table XLIX — Sectional Datv ior O^AL SE^^^^s (Art 3) 


Tad, on’* Ptg top Srction 
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Table L — Ratios of Combined Length or Two 
Side slopes to Depth of Water 

Side slope to 1 ftol Itol l^tol IJtol 2tol 3tol 

Ratio =2 236 2 5 2 828 3 333 3 60G 4 472 5 3S5 6 325 

These ratios can be used for calculating R for channels outside the range 
of tables xliii xlvi 


Table La — Circular Channels partly full 
(A rt C) 

THb Bxo.mtUr of the Channel ts io he 1. 


Depth of 
tVater 

Angle sub 
tended \>j 
Wet Portion 
of Border 

Relative 
\alues of A 

Relative 
Valuea of 

Feet 

25 

J20* 

J96 

707 

5 

180“ 

5 

1 

75 

24<r 

804 

1 

1 

360* 

1 

1 


Tor actual \alue8 of A and yfR see tabic xxui , page 142. 
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Orr.N* CHANNELS— \ ARIABLE FLOW 


[For rrrliminary i&fonn&tion chapter ii articlM 10 to 14 and 17 to 21] 

Section I — Bends and Annurr Changes 

1 Bends — The loss of head at a change in direction in an open 
stream is, as m the cose of a pipe, greater for an elbow than for 
abend The formula for losS of head at a bend armed at by 


ob'crmtions on the Mjssi«sippi is //= 


134 


a\hcrc 0 is the 


angle subtended by the bend This tabes no account of the 
radius In a bend of 90* the loss of bead by ibis formula is 

T*t 

48- — Gcncrallr a sinslc bend with ordmarr aelocitics causes 

~7 

little heading up, but if a stream has a long succession of bends 
their cumulatn e cfTecl maybe considerable It is practicalh tbc 
same as that of an increase of roughness, and ma} be allowed for 
bj taking a lower value of the co-cITjcient C How far the loss 
of head at a bend depends on the radius of the bend is not known 
(Cf chap V art 4 ) 

At a bend there is a 'set of tbc stream towards the conca^c 
bank, the greatest a clocity being near that bank, and there is a 
raising of the water lead there, so that 
the surface has a transaci^e slope (Fig 
117) There is also a deepening near 
the concaa e banb and a shoaling at the 
opposite one, but this is not all due to 
the direct action of ccntnfugal force no-ir ' 

The high water lea el at the concaa c 

bank, due to centrifugal force, giaes a greater pressuie and 
tends to cause a transaerse current from the concaa e towards 
the convex bank This tendency is, m the greater part of the 
cross section, resisted by the centrifugal force But the water 
near the bed and sides has a low aelocitr, the centrifugal 
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force IS therefore smaller, and traT!S\erse floir occurs Solid 
material IS thus rolled towards the con\cx bank, and it accumu 
lates there because the ^eloclty is low To compensate for the 
low level current towards the coni ex bank there are highleiel 
currents towards the concave bank 
The directions of the currents are 
shown by the arrows on Fig 117 In 
Fig 118 the dotted lino shows the 
direction of tlie strongest surface cur 
rent and the arrows the currents near 
tho bed This explanation is due to 
Thomson, and has been confirmed 1) 
him experimentally ^Vhen the channel 
is of masonry or even aery hard sod 
the deepening TVJV cannot occur, but 
the bank UST may still bo formed, the material for it being 
brought doun by the stream 

As the transverse current and transverse surface slope cannot 
commence or end abruptly there is a certain length m which the) 
vary In this length the radius of curvature of tho 1 end and the 
form of the cross section also tend to var^ This can often bo 
seen m plans ot river bends the curvature being less sharp 
towards the ends This principle has boon adopted in construct 
mg river training walls and it appears to bo sound as tending 
against any abruptness m the change of section For tiamtiij, 
walls to remov e bars at the mouth of the Mississippi it has been 
proposed to construct instead of tvro walls only one wall having 
a curve concave to the stream Tho success of this plan would 
appear to depend on whether the curve is sharp enough to ensure 
tho stream I coping close to the wall and not going off m another 
direction 

The sectional area of a stream is often less at i lend tbm in 
straight reaches, especially when tho channel is hard, so that tho 
sti cam cannot excavate a hollow to compensate foi tho silt bud, 
hut the surface width is often greatest at heiul'*, anti in construct 
mg training walls the width letween the walls is sometimes 
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increased at bends In the silt clearances of some torlutus 
canals in India it w'’s once the custom to icmovc tho silty vTJ 
tho dotted lino fihowin^ tl c section of tho cleircd clunncl in the 
straij^bt reaches No allowance was made for the hollow J J II 
A sdt-batik BO icmovcd ipiickh forms again Its removal 
c pin alcnt to the digging of a hole or recess m the I cd 
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When once a stream has assumed a curved form, be it ever so 
slight, the tendency is for the bend to increase The greater 
velocity and greater depth near the concaac bank react on each 
other, each inducing the other The concaa c bank is worn away, 
or becoming vertical by erosion near the bed, cracks, falls in, and 
13 ^vashed av aj The bend may go on increasing as indicated by 
the dotted lines in Fig 119, a deposit of silt occurring at the 
com CK bank, so that the width of the stream 
remains tolerably constant Some of the 
largo Indian ni ers flowing through alluvial 
soil sometimes cut aii ay, at bends, hundreds 
of acres of land, together with the trees, 
crops, and i illages standing thereon "Works 
to check the erosion would cost many times 
as much as the value of the property to be 
saved hen a bend has formed m a 
channel previously straight, tho stream at 
the lower end of the bend, by setting against 
the bank, tends to cause another bend of the 
opposite kind to the flrst Thus the ten 
dency IS for the stream to bccoroo tortuous, 
and while the tortuosity is slight the length, 
and therefore tho slope and velocity, arc 
little affected , but tho action may continue 
until the increase in tho length of tbestream 
materially flattens tho slope, and the consc 
quent reduction in % clocity causes erosion to 
cease Or the stream during a flood may 
And, along tho chord of a bend, a direct 
route, Mith of course a steeper slope Securing a channel along this 
route it straightens itself, and its action then commences afresh 
2 Changes of Section — An 'obstruction is anything causing 
an abrupt decrease of area in a part of the cross section of a 
stream such as a pier or spur There ma^ or may not be a 
decrease in the sectional area of the stream as a nbolc There 
IS a tcndcnc) to scour alongside an obstruction owing to the 
increased iclocitj, and downstream of it owing to the eddies 
When a spur is constructed for the purpose of deflecting a stream 
or checking erosion of tho bank, the scour near the end of the 
spur ma} be aerj scicre, ocn though there mai l>e \cry little 
contraction of the stream as a whole If the l>cd is soft the 
spur may be undermined V continuous lining of the bank with 
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protective material is not open to such an attack Similarly a hole 
may be formed alongside of and downstream of a bridge pier 
The hole may work back to the upstream side of the obstruction 
though there is little original tendency to scour there 

When an obstruction reaches up to the surface, or nearly tip to 
it, there is a heaping up of the water on its upstream side due 
to the checking of the velocity In the eddy downstream of an 
obstruction the water level is depressed The changes of uater 
level and aelocity are local, that is, they do not necessarily 
extend across the stream, and they are independent of the effects 
of any general change — supposing such to occur — m the sectional 
area of the stream Their amounts cannot be calculated, but they 
often have to be recognised They should be avoided in observing 
water levels where accuracy is required, as for instance v. hen finding 
the surface slope The discharge of a branch will bo increased by 
a spur or obstruction just below it, and decreased by one just 
above it On some irrigation canals in India, where the velocity 
IS high and the channel of boulders, the cultivators sometimes rim 
oat small spurs belou their water course heads m order to obtain 
more water 

An obstruction causes a ‘set of the stream,’ that is a strong 
current, as shoun by the arrows in Fig 119, but the distance to 
which such a current extends depends entirely on its impetus, 
and IS not usually great If a spur is merely intended to cause 
slack water or silt deposit on its own side of the stream so^ enl 
short spurs will do as well as one long one, but when the object 
IS to cause a stream to set against the opposite bank the spurs 
may ha'v o to be \ cry long 

In a short deep recess in the bed or bank of a stream or down 
stream of an obstruction if it is large enough to cause dead water, 
there is generally a rapid deposit of silt, but not where strong 

When an obstruction causes material reduction of the section of 
the stream the velocity past it is increased, and the scour may bo 
cxccssnc, both from the high velocity past it and (if there is a 
subsequent exjiansion of the stream) the eddies downstream of it 
Thus a partly formed dam £,F (Fi^, 119) is, unless the gap is 
quickly closed, liable to be destroyed by the stream, and bo is any 
stnicturo which reduces the water way In order to lessen scour 
of tho banks downstream of contracted water wijs the ckaniul 
IS sometimes w idcncd out so as to form a ba'im in w Inch the eddies 
exhaust themsches 
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3 Bifurcations and Junctions — ^Thc general cITccts of thc«o 
h^^c Ix'cti staled in chapter it (irl 20) In in irrigation dis 
Iril iitnri conslructc<l in Indn tho iclociti wis ciccptiomll) high, 
ml itaras found that the discharges of some narrow nia«( nrj 
outlets, lahing off from the distnlmtir^ at right an^^lcs, were so 
small that it became ncccs'ir^ to rebuild them at a smaller angle 
On the other hand, it was once the custom to build the heads of 
the distnbutancs themsches at an angle of 15* uith the canal, 
1 ut thc\ are now built at rij,ht ani,Ies The aclocit} in the canal 
IS 2 or 3 feet per second, and that in the distributary lc«s A 
slight fall into the distributary is not objectionable A sken 
head is suitable in eases where loss of head is not permissible 
hen there is a bend m the mam strtam importance is some 
times attached to the set of the stream as afftcting the supply in 
a branch taking oIT on the eoncaac lank The \clocity in the 
branch is that due to its 8toI>c and to the depth of uatcr in it 
The adt antage possessed liy the 1 ranch as compared w ith one on 
the opposite Kank is the greater depth of uatcr, owing to sclocita 
of approach Tins adi antage is small except in the ease of a 
sharp l>cnd and a high \eIoctty \ rncr al>out JO feet deep 
aras eroding the concaic bank at a I'cnd An attempt was made 
to divert It by a straight cut, aliout a mile long across the bend 
Onang to the high level of the sub-soil vritcr, the cut could only 
be dug dovrn to al>out 2 feet below the water level of the river 
The slope of the cut was about otic and a half times that of the 
river, but owing to the small depth of water the velocity was low, 
and the cut or at least its upj cr part, rapidly silted up The 
reason given for its failure vtas that its head was not so placed as 
to catch the set of the stream at the Ihui 1 next above This set 
might have given an inch or two more veater and the cut might 
have taken a few days longer to silt up 

Sometimes the deposit of sdi in a braneh channel is attributed 
to some peculiarity in its off take, such as the angle of offtakoor 
the arrangement of the headj,ates If these matters have any im 
portance it can only be when they affect the stratum of water drawn 
upon (thus altering the silt charge or the amount of rolled material 
broUjjhtin), or when they directly affect the gauge reading or depth 
of water which, in a given channel is the only factor governing 
the V elocity, and, so far as is know n, the silt-supporting pow er 
In nver diversion works spurs are sometimes used to ‘drive 
the river’ down a branch channel A spur may make the current 
set against the br inch bead (art I), but unless the spur is so long 
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as to greatly contract the -water-wiy, the rise of water level vil! 
not be great except in cases of Aery high velocities, and the rner 
will continue to distribute itself according to the discharging 
capacities of the two branches It is only by closing or thoroughly 
obstructing one branch or enlarging the other that the stream can 
be forced to alter its distribution of discharge 

At a junction of one stream with another there are the usual 
eddies and inequalities m the water level, all depending as before 
on the sharpness of the angle and on the velocity "When the mam 
stream is not much larger than the tributary, the latter maj cause 
a set of the current against the opposite bank and erode it 

4 Relative Velocities in Cross section — In every case of 
abrupt contraction m a stream there are (chap ii art 21) eddies 
which extend back to the point whero the fall in the surface 
begins Upstream of these eddies the distribution of the velocities 
in the cross section is not aficcted In tho case of a pier, even 
a wido one, in the middle of a straight uniform stream, the 
maximum velocity remains m mid stream till just before the pier 
18 reached If a plank or gate obstructs tlio upper portion of a 
stream from side to side, tho surface velocities aro affected for 
only a short distance upstream A spur or sudden dccrea’o of 
width causes slack vvater for only a short distance In all these 
cases the state of tho flow further upstream, as far as regards tho 
distribution of the velocities is precisely tho same as if no 
obstruction existed In tho case of a vvcir visual evidence is 
wanting, but by analogy the same Ian bolds good 


Sfciiox II — Yauiable Tlovv in V Umfokm CinvNFi 
(Geneial Pecnjtion) 

5 Breaks in Umfonnity — Variable flow may bo caused bj a 
change in slope (Figs lGandl7,pp 24 and 25 ) or in roughness (Pi^s 

I20aiid IJI) bj ade 
bouchuro into a pon<l 
orr»er(r/gs ISJaml 
123), bj a ucir(I jgs 
121 and 125) bj a 

changeinMidth(I'ig< 

12G ami 127) or m 
bed level (Iifes 1-" 
Fio i»a and 1-D) Heading 

up map bo caused br a local contraction or submerjed lacir 
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(Fig 130), but tho analogous case of a local enlargement has no 
effect A change of hydraulic radius seldom occurs without a 
change of sectional area, 
and it need not therefore 
be considered as a sepa- 
rate case A bend goner 
ally causes some degree 
of heading up In each 
case the line BG is the 
* natural water surface ’ of 
tho upper reach, that is, 
tho surface as it uould 
have been if no change had occurred The profiles of tho a\atcr- 
Eurfacc touch tho natural surface at points far upstream Above 



Fio n 
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as to greatly contract the water way, the rise of water level v> ill 
not be great except m cases of very high velocities, and the ruer 
will continue to distribute itself according to the discharging 
capacities of the two branches It is only by closing or thoroughly 
obstructing one branch or enlarging the other that the stream can 
be forced to alter its distnbution of discharge 
At a junction of ono stream with another there are the usual 
eddies and inequalities in the water level, all depending as before 
on the sharpness of the angle and on the velocity "When the mam 
stream is not much larger than the tributary, the latter may cause 
a set of the current against the opposite hank and erode it 

4 Relative Velocities m Cross section — In every case of 
abrupt contraction in a stream there are (chap ii art 21) eddies 
which extend hack to the point where the fall in the surface 
begins Upstream of these eddies the distribution of the velocities 
in the cross section is not affected In the caso of a pier, even 
a wide one, in the middle of a straight uniform stream, the 
maximum velocity remains m mid stream till just before the pier 
18 reached If a plank or gate obstructs tho upper portion of a 
stream from side to side, the surface velocities are affected for 
only a short distance upstream A spur or sudden dccrca«o of 
width causes slack water for only a short distance In all these 
cases the state of the flow further upstream, as far as regards tho 
distribution of tho velocities, is precisely tho same as if no 
obstruction existed In tho case of a weir visual evidence i^ 
wanting, but by analogy the same law bolds good 


SlCIIOV II — A^UUVCLE Flow in V UmFOUM ClIVNNEI 
(General J)e enj lion) 

5 Breaks in Uniformity — Variable flow may bo caused by a 
change in slope (Figs 16andl7,pp 2-tand25)orinrou5,hiicsa(Fig^ 

120aiid IJJ) bj ado 
botichuro into n pond 
orrivcr(Figs 122arid 
123), by a wcir(I igs 
12t and 123), by a 

cliangcmwi(lth(l ig'’ 
12C ami 127) or m 
hcdtcvcl (figs I-"? 
Fio i*a and 1J9) Heading 

up nuiv 1)0 caused U a local conlracliou or siilimcrgcd wcir 
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(Fig 130), but the nn-ilogous c‘i«c of a local enlargement has no 
effect. A change of hrdraulic radius seldom occurs without a 
change of sectional area, 

•and it need not therefore 
l>e considered as n sepa- 
rate case. A bend gener* 
allv causes some degree 
of heading up In each 
case the line LC is the 
‘natural water surface ’of 
the upper reach, that is, 
the surface as it arould 
have been if no change had occurred. The profiles of the avater- 
Eurfacc touch the natural surface at points far upstream Above 
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as to greatly contract the water way, the rise of water level vill 
not be great except m cases of very high velocities, and the river 
will continue to distribute itself according to the discharging 
capacities of the two branches It is only by closing or thoroughly 
obstructing one branch or enlarging the other that the stream can 
be forced to alter its distribution of discharge 

At a junction of one stream with another there are the usual 
eddies and inequalities in the water level, all depending as before 
on the sharpness of the angle and on the velocity When the mitn 
stream is not much larger than the tributary, the latter may cause 
a set of the current against tho opposite bank and erode it 

4 Relative Velocities in Cross section — In ei ery case of 
abrupt contraction in a stream there are (chap n art 21) eddies 
which extend back to the point where tho fall m tho surface 
begins Upstream of these eddies the distribution of the velocities 
in tho cross section is not affected In tho case of a pier, even 
a wide one, in tho middle of a straight uniform stream, the 
niaximum velocity remains m mid stream till just before tbo pier 
IS reached If a plank or gate obstructs tho upper portion of a 
stream from side to side, the surface velocities are affected for 
only a short distance upstream A spur or sudden decrca«o of 
width causes slack water for only a short distance In all these 
cases the state of tho flow further upstream, as far as regards tho 
distribution of tho velocities, is precisely tho same as if no 
obstruction existed In tho case of a weir visual evidence is 
wanting, hut by analogy the same law holds good 


Section II — A^vuuule Flow in a Umfouvi CuvNSEr 
(Gcneial Pescnjitioii) 

5 Breaks in Uniformity — Variable flow may bo caused by a 
change m slope (Figs lCandl7,pp 24and2^}orinroiiglincss(IjpS 

I20andl21),l)> adc 
bouchure into a pond 
orri\er{rigs 122aml 
123), b) ancir(Iigs 
‘ 121 and 125), bj a 

clnngcitu\idth(I ig-^ 

UG and 127), or in 
bed level (I igs 12'' 
Fio i*a and 129) Heading 

up mav be caused bi a local contraction or submerged wcir 
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{F>g. the Analogous ease ol a local enlargement has no 

cfTccL A change of hydraulic tadius seldom occurs uithout a 


change of sectional area, 
and it ncc<l not therefore 
he considered as a sepa- 
rate case. A bend gencr* 
ally causes some degree 
of heading up In each 
ease the line LC is the 
* natural water surface ’ of 
the upper reach, that is, 
the svirfacc as it would 


7t 
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have been if no change had occurred. The profiles of the water- 
surface touch the natural surface at points far upstream Abo\c 
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these points the flow is uniform if the reach extends far enough 
In heading up there is *i tendency to silt and in draivingdoun 
to scour 

In the cases shoiin in 
Tigs 126 to 130 there are 
abrupt changes in the sec 
tional area, falls in the sur 
face Mhen the area do 
creases, and perhaps rises 
where it increases (chap ii 
arts 18 and 19) In Pigs 
124 and 125 the ^icir for 
miiH gucs the discharge 
ha^ ing reference to the sur 
face abo^c the local fall which thei'cfore need not ho considered 



In the other cases there arc no abrupt changes in section and 


thorofofo no local 
changes in lei cl 
A change of one 
1 ind maj be com 
Inned iiith another 
so that the change 
of water lei el is 



altered or suppres 
sed For instance 


the changes of roughness maj bo accompanied b} chinges m 
slope so that the iiatcr Icicl in the loi cr roach is at C and the 



floi\ 18 uniform but am 
local fills or rises due to 
al nipt change of section 
(figs 12C to no) I dl 
remain The rises arc 
gcncrallj hoacier negli 
gibJe, and the fills arc 
much reduced if the 


, changes arc not actually 

Slid Icn (chap ii art 1") 
Innil cases iihatcicr tl c upstream Iciel 1 as to accommodati itself 
to the downstream Iciel Pbe i itcrlciel iti the loner reach or 
j ond or on the crest of tlio f ill isknounorcan 1 o n'certainc 1 lie 
local fall or rise, if an} , must 1 e foun 1 and thire lull 1 e I ladii u 
up or draiutig down or neither in tic rtach aloie acenrhng as 
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the lc^cl found is abo\c or bclon or equal to the natural Ic^el m 
that reach 

'\^hen the aarnhle flow extends upstream to a point vhere 
there IS another 
break in uniform 
itj* the flow in the 
reach is said to be 
‘ 1 ariable through 
out If the bed of 
the reach is lei el 
or slopes upward 
(Figs 135andl3G 
p 240) the flou must be variable throughout howca er long the 

reach maj be and 
the surface convex 
upward 

In a uniform chan 
nel let CD (Fig 131) 
be a 'flume of the 
game section as the 
rest of the channel 
Fo i>9 but of smoother ma 

tcrial If the flume 

extended upstream far enough tho water surface would be CGH 
Actually It will be 
CGL GL being a 
curie of drawing 
dou n The height 
DG will generally 
be aery small and 
no appreciable 
change in the lelo 





city will be caused 

but if surface slope obscnation" arc made a serious error may 



occur if the upstream point of ob«er 
ration falls at M The slope required 
is ECDL that actually obser% cd is E If 
Often X flume has \ertical sides and is 
of a different section to the rest of the 
channel If the change is made grad 
uallj there ma\ possibly be no inter 


fcrcnce with tie straight line of the water sirfacc tic smaller 
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sectional area and hj draiihc radius of the flume compensating for 
its Smoother material But this is not Iil ely to be the case exacth 
If the change of section is abrupt there i^ill be a change in the 
water level at the entrance of the flume In the Eoorl ee Hydraulic 
Experiments observations were made in a masonry aqueduct 
900 feet long jn the Ganges Canal The surface slope instead of 
being obser\ed within the aqueduct, was obtained from points 
lyiug far outside it m the earthen channel and the results of the 
experiments so far as concerns the relation between dope and 
velocity in masonry channels were Mtiatcd ^ 

6 Bifurcations and Junctions — A bifurcation or junction may 
caute \ariable flow upstream of it At a junction let 0^ and Q 
be the discharges of the two tributaries The flow in the main 
stream is uniform, and its water lea el is that corresponding to the 
discharge If the conditions of the debouchure of either 

tributary are such as to cause any local fall or rise the amount of 
this must be estimated and the avater level in the tributary just 
above the junction is then known There will be heading up or 
draaving-down or neither m the tributary, according as its natural 
avater lea el is below or above or equal to that so found There moy 
be heading up in one tributary and draaving doavn in the other 
At a bifurcation let be the discharge of the main stream 
The flow in the branches is uniform Assume discharges Oi and 
Oj for them— -f (?, being equal to Q — and find their water 
Ic'cls Alloaa for any local fall or rise, and if the avater lea els 
upstream of them are equal the assumed discharges 0, and 0^ arc 
correct, and the avater leael found is that of the mam stream H 
they are not equal It 19 necessary to alter the quantities and 
and make a second trial In the main stream there aaill be head 
ingupor draaajiigdown or neither, according as the water lea cl 
found IS higher or loaacr than, or equal to its natural aaatcrlcacl 
If a stream flows out of a rcseraoir t?ic floar aviJI bo umhrm doun 
stream of the fall in the surface (chap i\ art 15) aihicli occurs at 
the head If more than tavo streams meet or separate at one place 
the discharges Q„ 0, etc, roust bo considered, and the ahoac 
processes adopted The aarnble floaa caused ?)j a junction or 
bifurcation maa Ic counteracted aa holly or partly l»y ana other 
cause, just as m the other instances of aariablo flou 
In a paper" on the dcsigningof trapczoulal notches at canal fdls 
It has 1 cen obscra cd that a distributary usually takes oft a short 
* TrnnMt'fion* *'on<lyo/I 
/ j if Irrtjttio Irtttehl tf-tr ?»o . 
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tli'tincc aboAC ft fill, ftn<l tliil though the notfli TTUi«t olniou'*!^ 
l»e ftlle to p.v«? the ^rholc (llsch^^gc .when the (h^tributarj is 
cIo'chI, It has to be settled in each eve srhether the design of the 
notch should 1>e such os to cause draw when the distnbuLarj is 
open or heading up when it is clo«ed The question must occur 
with cicn distnbutarr, and notonlj with those taking off ftboac 
falls If the canal is dcsigne<l so as to g)\e uniform flow with 
the distributary clo«ed, then there must I c draw when it is open 
If there IS uniform flow when the distnl utarj is open, there must 
Ikj beading up when it is clo^wl The best arrangement depends 
on engineering considerations arhich need not be di«cus«cd here 

The opening of an c'cajie or branch may cause scouring up* 
stream of it. One method of freeing the upper reach of a canal 
from silt IS to make an escape from a point some distance IkjIom 
Us bead leading lack to the n\cr If there is a weir across the 
nacr the slope of the escape may be great By opening the 
c'capc scour is caused m the canal, but this may cause some 
deposit in the canal downstream of the escape, unless it can be 
shut olT when the escape is opened 

There were once to be seen m a large canal two gauges, one 
just abote and the other just below the ofTtake of an escape 
channel It was stated that the two gauges had been erected in 
order that, by noting the diflcrcncc of their readings, the quantity 
of arater passing down the escape could be estimated Both 
gauges srere carefully read, and copies of the readings sent to 
aarious ofiicials But nhen the escape was opened the water lei cl 
on the upper gau^c fell practically as much as that on the loner 
one Both gauges always read the same The assistant in charge 
put up a temporary gauge half a mile upstream This also fell 
when the escape was opened The proper arrangement in such a 
case is to hare one gauge in the canal belon the escape and one 
m the escape Again, some irrigators who wanted a new aratcr 
course were anxious that its off take should be placed just aboac 
and not just below the offtake of an cMsting watercourse 
Practically It made no difference whether it was aboae or below 
There was no sudden fall in the araterleacl of the canal If a 
branch whose discharge is to be j is to be supplied from a channel 
whose discharge is Q, it is necessary first to find what the nater 
le\el in the channel will be when its discharge is Q—q and then 
to design the branch so that it will obtain a discharge q with the 
water lei el thus found 

7 Bffect of Change in the Discharge — An increase or decrease of 
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the discharge is ahvays accompanied b) a rise or fall of the ^\atcr 
le^el throughout every reach e-veept at the points^ (Figs 122 
and 1 23), v here the stream enters or leaves a rn cr or pond w hose 
vater level is not affected by the alteration of discharge It is 
clear, hoi\ e^ er, that for a gu en change of discharge the clianges in 
the ivater lea els at taa o distant points may be a cry different from 
one another In changes of slope, roughness, vidth, or bed lead, 
a change in the discharge causes no change in the character of the 
floiv, that IS, there is alwaj s heading up or drav , avhichei er there 
■was at first In a local contraction there is always heading up 
and also with a drowned weir if there is no fall in the hed In 
the other cases (change of bed level, weirs debouchures) there will 
be heading up if the supply falls low enough, and draw mg down if 
it rises high enough (See also chap iv arts 12, 15, and 17 ) 

At a bifurcation, if the brancncs are such that the flow in the 
mam stream is uniform with the aacragc discharge, and if the 
beds of all three channels are at one lead, the flow in the mam 
stream w ill probably be nearly uniform with all discharges At 
a junction a similar rule obtains only if the discharges of the 
tributaries lary in the same proportion 
Aboae a weir or a rise in the bed the water approaches the line 
DP (Figs 124 and 128) as the discharge is reduced, the tcndcnc} 
to Slit increases, supposing the water to bo silt laden, and deposit 
will doubtless occur if the discharge falls low enough A fall m 
the bed (Fig 129) is converted into a clear ' fall * (Fig 70, p 55) 
at low supply, and in that case there will probabl> ho scour or 
‘cutting back * owing to the high aclocit^ 

8 Effects of Alterations in a Channel — lien a natural or 
artificial change occurs in a channel, such as deepemng, widening, 
silting, the erection or remoaal of a structure, or the nnmptihtjon 
of a cate or sluice, the consequent change of water lea cl nn} 
c\tc 
the 

the depth at the head of the channel remains constatii, i lu i >- 
surface slope alters, and with it the discharge, or a change 
the channel ma\ cause an alteration in the quantitv of water lost 
1)1 aporation, percolation, or flooding, and so affed the discharge 
Ilut if the discharge of the channel is unaltered, the effect oti the 
water lc^cl and \clociti taH«c<l In anj change in the chatiiitl is 
whollv upstream The huihling forinsiaricc, of a weirm a strciiw 
ordinariU causes little difference to jitrsons further down the 
stream as long as water is not pcnnancntl> threrttd 
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In -i discussion ’ on some o?>liqac srcirs erected m the Se^c^n 
it IS implied that the ^\cirs caused a lowering of the flood lev el 
and a deepening upstream Above the weirs basins had been 
made by widening the channel, and the widening might, by itself, 
ha\ e caused some slight reduction m the flood lev el, but not when 
a weir vras added It was not contended that the flood discharge 
at the weir was reduced The water level at D (Fig 130) would 
therefore ho the same as it was originally, and since there must 
always be some fall from A to D, the flood level at A must have 
been raised No deepening due to the weir could occur except 
close alongside a very oblique weir (Sec also chap iv art 18) 

Upstream of a place where changes occur a gauge reading 
aflbrds no proper indication of the discharge, and a discharge 
table, if it can be made at all, must be one of double entry, show 
ing the discharge as depending not onl^ on the gauge reading, hut 
on other conditions If gates or shutters are worked there may 
be any number of water surfaces corresponding to one discharge 
An instance of this has already been given m the case of the flow 
upstream of an escape Gauges are sometimes fixed m canals 
near their heads, and tables are made showing the discharges as 
depending on the gauge reading The deposit of silt in the heads 
alters the discharges, vitiates the tables, and destroys the utility 
of statistics based on the discharges obtained from them Gauges 
ought to ho placed hclovr the roaches m which the deposits occur 
The deposit of silt changes both the section and the slope, and 
It IS next to impossible to allovrfor it bv merely observing the 
depth at the gauge 

Sometimes shoals or masses of silt trav cl down a stream On 
the Western Jumna Canal there is a gauge at Jhind and mother 
about twenty miles upstream When the upper gauge is kept 
steady that at Jhmd sometimes slowlj fluctuates in a curious 
manner, although no vi ater is drawn off in the intervening reaches 
This has been ascribed to travelling masses of silt, and no other 
explanation presents itself 

If a channel AB (Fig 119) is drawn from a source whose water 
level IS not affected, and if, near the head of the channel, a branch 
BC IS taken off, the discharge of the channel below Jl may he 
very little affected A very slight lowcnng of the water level at 
i> increases the slope ABt and causes more water to be drawn in 
The water lev el in the channel maj rise slightly at 7> (chap ii 
art 20) A case occurred in which an engineer, wishing to 

' of Profce linff*, JnstitHtion Bnjinefr* vol lx 
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reduce the supply in an overcharged canal, caused a breach to bo 
made in the bank a shoit distance below its offtake from tho 
river He avas surprised to find, that although a large a olumc of 
avater passed out of tho breach, there uas no appreciable dirainu 
tion of the canal discharge belou the breach In the case of an 
irrigation distributary uhieh takes out of a canal and has itself a 
number of u ater courses taking out of it not far from its head, 
the discharge of the distributary may partlj depend on whether 
the water courses are open or not (Cf case of branched uatcr 
mam, chap a art 3 ) 

Lot a straight cut be made across a bend in a uniform stream 
The slope in the cut is increased and the longitudinal section is as 
inFig 132 If the discharge IS 
unaltered the uater level at ^ 
IS as before, and there is ten 
dcnc) to scour at A and to silt 
at h The bed and water 
surface tend to assume the 
positions shown b) the dotted 
lines, and the probability of this occurring must bo considered 
in making a cut If it is desired to keep tho vatcrlocl at 
A the same as before, the cut AB must be made smaller than 
the original channel, but the \clocityin it Mill bo greater, and 
there uill therefore bo a still gi cater tendency to scour If tho 
abandoned loop is left open tho \clocitj in it vill bo greatly 
reduced, oving to the lower water lead at At and at will be 
further reduced by heading up It general!} silts up 

To increase the discharge of a channel ABC (Fig 13C, p 210), 
supposed to be of shallow section, without enlarging it through 
out, tho plan in> oh ing least w ork is to alter tho bed to DU As 
D recedes from -•/ the disclurg,c increases, but so docs tho tendeuev 
to silt (Cf chap ai art 2) 

9 Effect of a Weir or Raised Bed — The tcndenc} to silting 



common to all cases of licadingup, roaj bo somewhat enhanced in 
the case of a rise m tho bed or a wcir extending across a channel, 
because of tlio obstruction offered to rolling material 1 his how 
c\cr docs not seem to bo aery great Tho stit nn} form a Jong 
slope against tho wetr, and matcnal ini} bo rolled up the slope 
Lsually even this slope is not formed I’robab!} tho eddies stir 
up tho silt, and it is earned oaer 
The clcpoiit occurring upstrcim of a rise or a weir ha* caused it 
to 1 k 5 supposed that there is a las cr of still w ater unstre im of ami 
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bclovr the level of the crest This idea is ibsolutcty untenable 
The general aclocil) undoubtedly decreases as the rise or ucir is 
approached This is due to the increasing section of the stream 
If the water below Dl (Figs 124 and 12S) were still the section 
would be decreasing The same amount of heading up might bo 
cau<ed by obstructions of other forms, but it has been shown, 
(art 4) not only that the water upstream of them is moi mg, but 
that upstream of the eddies not even the distribution of the vcloci 
tics IS afTcctcd The same is no doubt true of a rise or weir If m 


a silt-beanng stream tjhc water near the bed were still, there would 
l>c a rapid deposit of silt as there is in a short hollow or recess 
But the contrary often happens In some of the large canals m India 
the bed upstream of bridges has been scoured for mile*, to a depth 
of perhaps two feel below tho masonry floors of the bridges which 
arc left standing up, and forming, in fact, submerged weirs This 
alone shows the preposterous nature of the still water theory 
Tho idea might ha\c been supposed to be exploded, but for a 
somewhat recent ca^e In a paper on tho Irrawaddy J it is stated 
that, if tho discharges for the water leads A, C, etc (Fig 133), 


arc plotted, the discharro seems to 
become zero at L, which is lead 


with a sand bar four mites down 


stream, although the depth hG aaas 
34 feet, and that * this dead area of 
cross section lying below tho level 
of the bar regulating the discharge, 
exists on almost all riacrs* It is 



Fio 133 


natural that tho discharge should become zero at h As tho water 
lead falls tho effect of the obstruction at Z’ increases (art 7), and 
the surface slope becomes flatter If the avater lea d ever fell to L 
the surface would bo honzonlal and the discharge zero But the 
reduction of the discharge to zero is due to the flattening of the 
slope, and not to a portion of the section of the stream being 
still If It were still it could never have been scoured out, or 
being in existence it would quickly silt up 

* Profile walls ’ are sometimes built across a channel at intera als 


They arc useful for shoaving the correct form of tho cross section, 
but will not proa cut scour, unless built extremely close together 
A single ai all built at a point where the bed slope becomes 
steeper will not prevent scour If scour does occur, walls or 
weirs will of course stop it eventualla 

* Mtnutcaof Proettdnujt, JnUdtitioaof Ctiil L jinesr*, ^oL cxiii. 
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In clearing the silt from % canal it is often convenient to mike 
the le\ el of the cleared bed coincide mth the level of a masoni) 
bridge floor, but it is not a fact that any deeper clearance is use 
less The deeper bed giics an increased discharge for the same 
i\aterle\el, and there is not necessarily a deposit o! silt iip5,trt.am 
of the raised floor Similarly, there is no particular harm m 
omitting the clearance in any reach where, the depth of the 
deposit being small, say half a foot, it is troublesome to clear it 


Section III — Variable Flow a Uniform Cimnnel 


{Formula: and Anahj'Hb) 


10 Ponnulas — To find the length L between two points where 
the depths are /), and A (Fig 134) 
let bo the bed slope Then 
h=D)—D -^LS 
And from equation 17, p 22, 

+is+/,,) 



or r L~crjisL=(nnD, -ii.+h) 

Ihcroforo . ( 74 ,, 

V. hero C, F, and V have values suited to the me in suction hetw cen 
tho two points The quantity h„ is nearly alnaya small compared 
to (U,— i^,) In beading up {r>x—D^ and {V — C’/vS ) aio iicga 
tu e, so that in equation 7 1 both numerator and dcnomin itor arc 
ncgati\ 0 In dran mg down the abo\ o quantities are positn c 
To find the surface slopo S at anj point, consider a point mid 
waj bctMCcn the tno sections, nid suppose them %cr} near 
together, so that tho changes ire 'Cq small I ct V,— 
then =2ri ami equation 17 

becomes 

6v» 

Let bo the sectional area and 7* tho surface aidth at tho mid 
naj point Let a bo tlio difference in area in the length J 

Then f.)=ry/ = (r+ •;)(./- 
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Therefore from cquilion T'j, L.'* Kut a=h{D,'—l),'\ 

V'L tjA ' 

•»nd jf il IS Ihc mein depth m the cross accttoii, A=:ld 
Therefore 

r'7» Q d IPh jr ' 




The dilTcrcnce between the bed slope and the surface slope is 


The fraction bj which is multiplied in equation 70 is the 

ratio of tho surface slope to what it nould be in a uniform stream 
with the same iclocitj and hydraulic radius This fraction mai 

7 "! 

be written — uhcro is the \eloc 1 t 7 m a uniform 

stream with the same aalucs of C and It but uitb a slope equal 
to tho bed slope For ordinary depths and velocities the nume 
rator is not much less than unit} In cases of heading up the 
denominator is still nearer unit}, but in drawing down less so 
In a stream of shallou section R is nearly as d and F is as so 
that, neglecting the above fraction S is for moderate changes in 


depth roughly as 


In order that the slope obtained b} 


observing the water levels at the ends of a reach may agree with 
the local slope at the centre of the reach, the sectional areas of the 
stream at the two ends of the reach must not differ, in ordinary 
cases, b} more than 10 or 12 per cent 

Equation 7C establishes a direct connection between the depth 
at any cross section and the surface slope at that section, but not 
the connection between the depth or slope at any section and tho 
position of the section To find this, the profile must be worked 
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2-tO ’ 

out in short rciches (restricted is abo\e as to length) by cqin 
tion 74, or by i method which will bo given below 
To find the length of a tangent from any point A' (Figs li22 
and 123, p 229) to jY, where it meets the lino of natmal Mater 
suifacc Let J? bo the depth at 1C and D the natural depth 
Let GN=x, GD^y Then y^xS and 
Therefore L—])^x{S—S) 

\~~YL 

and 3:= 9^ (7s) 

When the bed is level or slopes upward (Figs 135 and 13G) 

V 


Tta 135 1,0 ISO 

S' in equations 74 and 70 is ^cro oi negative In the former case 

r^ C9Ji(D^^I>s+K) ( 79 ) 

—r 

yd 

11 Standing Wave — If a stream has a high vclocit} rclatncl} 
to the depth of vatcr m it F* ma^ bo greater than y? let 
heading up occur in such a stream, so that F* becomes less than 
gd Then tho curie of heading up does not extend back till it 
touches tho natural uatcr surface, but ends abruptly at a point 
/ (Fig 137) At this point J^t^yd, the denominator in equation 
TG 13 7cro, and the slope therefore mfinile, that is, tho water 
surface is \crtical, ora standing 
wa\Q occurs In order that the 
aclocjtj nja_) bo 8ii(licicntl_> liigh> 
rtlaliaclj to the depth, to pro 
flucc a standing vaic, the alojio 
must bo sleep or the channel 
smooth It 13 not ncces^ar^ that 
there should bo an; 'arjalle 
flOM except »t the Ma\c The fiow m Jtoth the iipstrcnm mil 
ilownstfcam reaches r»ai be iimform Inftances rmi 1 si n 
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where a steep wooden trough tails into a pond or downstream of 
a sloping ucir or contracted waterway. One occurs where the 

Amazon suddenly changes Us slope. The quantity in 

equation 17 is greater than, and of opposite sign to the quantity, 
I^L 

-3^ . In order that or may he greater than gil, S must 


be greater than assuming 2i and d to be equal If C is 100, S 
must be more than 0032. 

At the foot of a rapid forming the left flank of the weir across 
the n\cr Ra\i at the head of the Ban Doab Canal the standing 
wai e, w hen floods arc passing, is 6 or 8 feet high, not counting 
the masses of broken water on the crest of the waie Logs 
G feet in diameter brought down by the flood disappear into the 
wave. 


The following statemcat show a some results observeil by Hidone — 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

i>i 

n. 

Ii 

'■ 

l.s-Kjt 

ig 


tlilTerenpe , /i • - 1 .1* 
ofO lini 

6*ii4e 1 *'7 

r,.. 

149 

Fe«t 

•423 

4 39 

1 62 

2S7 

rm 

274 

013 

1 

137 

246 

739 

0-28 

209 

343 

403 

052 

273 


Column 7 shows (chap 11 art 1 ) the head lost This is small and is nothing 

(chap 11 art 18), but it is much greater for the second ease 

than for the first It appears that for 'ery small stream* where perhaps 
there is no foam or broken water, the loss of head is alight, and the height of 
the waie may bo calculated, but it does not seem possible to do this accu 
ratcly m large streams, the loss of hcoil being probably great 

Let ✓/B (^Fig 138) be a stream^ and let it be desired to lower 



Fic 1S3 


the Water let el at A, oay in order that floating logs or rafts nay 
clear a structure V, or in order to allow of a drainage outfall into 
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the stream The object can be to some extent attained b) head 
mg up the stream and mtrodiiang a rapid DE It is concenaUc 
that some practical application of tins principle might occur 
(Cf case of constricted pipe, chap a art 7 ) 

12 The Surface curve — ^In any given channel uith a gncii 
discharge there is only one curve of heading up and one of 
drawing dou n, avhatea er the cause of the \ariable flow maj be 
If the cause operating at A (Figs 122 and 123) be rcraoied and 
another cause introduced say at IT, making the uatcr lea cl at A 
as before, the curve BK is the same as before The vator m the 
reach BK is only concerned avith accommodating itself to tl e 
water lei el at AT, and not uith the question hov that water 
lead has been caused If the surface curie is once found, it mil 
not haieto be found again for any lesser change of vatcrlcicl, 
but only a part of the same curie used Theorcticall) the curio 
extends to an infinite distance upstream, approaching indcfinitclj’ 
near to the hne J)C^ iihich js an osjmptote of the curie Practi 
cally the curie extends to a limited distance bei ond which no 
change in the natural ii atcr surface is perceptible The less the 
ratio of AZ? to A A’tho greater IS the rclatuo length of thocurieJjA 
If tlie discharge of the channel is altered, tho curie is ciitirolv 
changed, and no part of it is the same as anj put of tho oiigmal 
curie If the natural iiaterlcicl is higher than before, a change 
of the same amount as before mil cause a smaller ratio of KD to 
/vP, and therefore a longer cun c The greater tlic rolatiio irca 
of that part of tho cross section of a stream ii Inch lies oi tr tho 
side slopes of the chaniie!, the more rapidly docs the section 
change 11 itli change of inter lev cl the moic, tlicrcforc, docs tho 
surface slope at K difTcr from the natural slope and the Ic's the 
length of the curie The length of the curie is of course Ic s 
the steeper tho bed slope 

13 Method of finding Surface curve — To obiialc tho tedious 
process of Moikuig out length bj length, and obtain a direct 
approximation to the surface cunc, one or tvo methods haie been 
used An old rule, giicii bj Iievillo for cases of bcadin^ up is 
that the totil length of tho cunc LK (I ig 122 p 229) is 1 ' to 
1 9 times the length of the hori/ontal lino A If 'Ihis is onli an 
approximation, or rather guess of thcier} roughtst kind and it 
gnes no idea of tho form of the curie, that is of the depths at 
mtermedjate points lor an jmaginan case m i\hich the led 
iiulth IS infinite, tho sides icrtical, and the co (flicicnt t eonstant 
for all depths, nn c luation to tho cun o can be found In itit« ration 
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II II f^r l<x> co‘np’ic^tr‘1 for pncticil it r. Inti ccrtnin tiMcs Iiaie 
l«ccn laicd on >l .^ufh tn^tosowinptothewlinllrimiginiry condi 
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tions of tbc t'ase, are of 'n cry limited iise Tor channels m ith a crtical 
sides they arc not accurate, for others not caen fairlv accurate 
Fig 139 sbous four cunes norlcd out length hj length hj 
equation 74 (p 238) fo" streams 5 feet deep with a slope of 1 in 
4000, the CO efficient C being about 00 avhen the depth is 0 feet 
For other depths the co efficient is suitably increased The cunes 
all tend to become straight lines as the depth increases This is 
on ing to the minuteness of the surface slope at great depths The 
fall in GF has a great relatiac difference to the fall in FJ, but 
both are so small that the dnergencc of the cunc from a straight 
line IS sometimes imperceptible The cunes are draun up to a 
depth of 10 feet in one direction and 5 125 feet in the other 
Belou this depth the cune again tends to hecome straight The 
three uppermost cunes are for channels of rectangular section 
Thcuppeimost curie leprcaents the evtreme limit possible tliehcd 
being assumed of avidth zero, or, uhat is the same thing assumed 
< to be quite smooth the sides being onl^ taken into account in 
calculating Ji, which is therefore constant In the second cun o J 
increases from 2 50 feet to 3 33 feet The third cune is for 
a channel of infinite uidth but it is not tho imaginary curie 
'mentioned aboio, because the co efficient 6 has been increased as 
iD increases, instead of being constant As D increases from 5 to 
10 feet 1 al«o increases from 5 to 10 feet In channels uith 
sloping sides increase of depth is accompanied bj a rapid moicaso 
, of section and of and C The profiles cur\ c more rapidl} , ami 
f the points M here the cunes become straight arc sooner reached 
] The lowest curie is for a triangular section (bed Midth zero) and 
represents tho extreme limit jMjssiblc For greater I td widths the 
1 cfTcct of the side slopes becomes less and lani'shcs •nheii the led 
width IS infinite The third cunc therefore represents the other 
limit in this case The surface slopes at / arc, for tho four cunes 
nl-- -»i + In 8 the Jisi bcjwg o«Jy of the sJopeat -f 

I rom equation 7 1 (p 238) 

^ — / * * y ^81^ 

1 Ct I then 7 istho length m vhich tlic 1 cd level ch uu,f' 

b\ {D,^l),) feet and I is the length in ulnch tin. ilcpth tlnnacs 
(74, — />,) hot If the ratio ^ is known L cm 1 c casiU found 


This ritio, for each of the almie curies {' 
which IS not nc led) aid for rome «t 
ajiproaimatcU in lallc !i for n raif. 


t)ic nil 
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2/?, the nltic of {/?,—/?,) being iisuill^ irliicli gnes reaches 
suiTicicntly short to einble equation 74 or 81 to nppl) without anj 
consulcnhlo error The approximate ratios arc easily found 


disreganhng 


Then, putting from equation 81, 


L~ SL ~~y*~ 


(82) 


This quantity, since /),>/)„ is negative, and m table li the 
V* 

quantity 1 — is shou n instead 


Non the ratios in table li apply, not only to the cases from 

14 

which they arcrc deduced, but with certain corrections to most 
other eases Let the size, roughness, or bed slope of the stream 
alter in any manner, the proportions of the stream being mam 
tamed, and the proportionate change in C with change of li being 

also maintained, and let — before, then jn and j 
are as before Thus the ratios in table h can be used, with 
suitable interpolations, for any channel whose section is rectangular 
or trapezoidal For a curiilmear or irregular section the section 
most resembling it can be adopted For most cases the aboio 
approximation will be sufficient, but greater exactness can bo 
obtained as follows — 


Denoting by C, the value of O for tho natural depth D , and the ^aIuc 
for the headed up depth 2D, column 14 of table li shows the ratios p* 


or 1/, which actually occurred in the cases worked out Those ratios are fair 
averages, being such as occur with streams 5 feet to 10 feet deep with N 
about 0275, but for other cases the ratio may be difTcn.nt For a scry 
smooth deep stream it will be less and lor a rough sliallow stream more 
For values of R (in the reach of natural flow) ranging from 2 feet to 8 feet, 
an I ^7 ranging from 017 to *030 the value of 2f (Kuttcr and Bazin) may 
possibly vary as shown m columns 15 and 16 Foranygnen stream ituill 
bo difficult to say what tho value is and the extreme lalues shou n are not 
likely to occur Suppose that, for the second case show n in table h , it is 
labeled that 21 is 1 IG Then 
Corrections can be applied as follows — 

Colun nofUVIell 3 4 11 1“ IS 

{ InCrror l’^(+)sa>, i 1 2, 9 10 11 percent 

J 1 J 8, 81 0 p«r cent 

In ^( + ) say, 41 4, 4, 21 2 2 per cent. 

The correction to be aj i lied to * is + or according as jj is > 1 "0 cr 
< 1-0 
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tions of the case, are of very limited use Tor channels with vertical 
sides they are not accurate, for others not e\ 0 n fairly accurate 
Fig 139 shows four curves worked out length hy length by 
equation 74 (p 23S), fo~ streams 5 feet deep with a slope of 1 in 
4000, the CO efficient O’ being about 60 when the depth is 5 feet 
For other depths the co efficient is suitably increased The curves 
all tend to become straight lines as the depth increases This is 
ow ing to the minuteness of the surface s>lop6 at great depths The 
fall in GF has a great relative difference to the fall mFA but 
both are so small that the divergence of the curve from a straight 
line is sometimes ihiperceptible The curv es ai e draw n up to a 
depth of 10 feet in one direction and 5 125 feet in the other 
Below this depth the curve again tends to become straight The 
three uppermost curves are for channels of rectangular section 
The uppermost cur\ e represents the extreme limit possible, the bed 
being assumed of width zero, or, what is the same thing, assumed 
1 to be quite smooth, the sides being only taken into account in 
calculating wR which is therefore constant In the second curv e F 
increases from 2 50 feet to 3 33 feet The third curve is for 
a channel of infinite width, but it is not the imaginary curve 
^mentioned above, because the co efficient 6' has been increased as 
ID increases, instead of being constant As D increases from 6 to 
10 feet R also increases from 5 to 10 feet In channels with 


sloping sides increase of depth is accompanied by a rapid increase 
j of section and of R and C The profiles curv e more rapidly, and 
I the points whore the curves become straight arc sooner reached 
j^The lowest curve is for a triangular section (bed width zero), and 
represents the extreme limit possible For greater bed widths tho 
1 effect of the side slopes becomes less and vanishes when the bed 
width IS vnfimte The third curve, therefore, represents the other 
limit in this case The surface slopes at A are, for the four cun es, 
isk: 2 * 451 ’ 4’«3 being only y^th of the slope at L 

From equation 74 (p 238), 

(81) 

L O’ R{D,-~D^^K) 

Let X — then z IS the length m w inch the bed lev cl changes 
b} (Dj— jD,) feet, and L is the length in which the depth changes 


bi (D,— i>,)feet If the ratio ^ is known D c in be easily found 

This ratio, for each of the above curves (except the uppermost, 
which is not needed) and for some intermediate ciscs, is given 
approMiuatelj in table li for a range of depth extending up to 
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tlip \iluc of (/J, — //,) iK-nij; mini!} wliicli girci rcnchci 
fiirificnllx ^hort to cin!]c oqnitinn 74 or ‘»l In nppU ^wthout 'iiiy 
Icrv^ Ip error Tlic ftp]\Tnxra'\lc ntjns ^ - 111 ; {o«n<! 

<h«rcpnnling ) ^ Tlicn, pnlUng i"*! Cssp*, from cipt'ition 81, 

« n ft r*i 

-1 


I 


sA 


This qumlitr, since /^,>7>„ i« ncgitno, nml m tnMc Ii the 
qinntit; 1 " show n instoitl 


Xorr the ntjns ^ in ti!»lc h npph, not onir to the ca^cs from 

which thet Were <Ic*lticc«!, hut with ccrtim corrections to most 
other ease* Let the sire, rowghnc's, or heel slope of the stream 
alter m an\ manner, the proportions of the stream being nnm 
tamed, an<I the proportionate change in C «ith change of It being 

also maintainwl, and let '>c -vs before, then j , anti ^ 

are as before Thus the ratios m table Ii can be uscti, stuIi 
smtihlc interpolations, foranj channel who«(. section is rectangular 
or trapezoidal For a curvilinear or irregular section tho section 
most resembling it can l^c adopted For most aascs the above 
approximation vnll be suflicicnt, but greater exactness can bo 
obtained as follows — 


Denoting by C, the %Alue • f (7fur the natural depth D , and Cf the \ali)o 
for the headed up depth -I/, column l-l o( table It tlions the ratios 
or J/, which actually occurrcl in the eases worked out These ratios are fair 
arcrages hiing such as occur with streams Q feel to 10 feet detp with A 
about ■0275, but for other eases tho ratio may bo differint For a very 
smooth deep stresni it will be less, an I for a rou^h shallow stream more 
For values of (in the reach of natural flow) ranging from 2 feet to 8 feet, 
and y ranging from •017 to •030 thevaluo of J/(Kutter and Bazin) may 
possibly vary as shown in columns 15 and 16 For any given stream it will 
bo difEcuU to say what tho valne is, and tho extreme values shown are not 
likely to occur Suppose that, for the second ease shown in table li , it is 
believed that J/ is 1 16 Then 1 Ooo and X =1 11 nearlj 

Corrections can be applied as follows — 

Colun n of tstle II 3 4 ^ II 1** 13 

( In (75/ or ( + ) say ^ 1 2, 9 10 11 per cent 

Inn_,'"(.)ea,, J I. 2 8. 8t 9 per cent 

I«^{ + )6ay, 41 

The correction to be aj plied to ^ i: 


2 t, 2 2 per cent 

according as ^ is > I'D cr 
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concerned had side slopes of 4 to 3 Tor other side slopes the increase of 7 
even with the same value of may differ somewhat, but the difference la 

likely to be considerable only for a deep narrow channel In any case a 
* 1 } 
correction can be made, as above, by considering the change in ^ 

^ , C " , „ ‘ 


instead of m 


cv 


The actual values of and were as follows - 


Section ratio — Inffnity 3 75 0 0 

/?i = 5 0 3 64 2 69 2 0 

Bg = 10 0 6 25 4 78 4 0 

p- =2*0 1 72 I 78 2 0 

Regarding the hitherto neglected quantity A , the following table shows 
such values of it as have been worked out for the above cases Except with 


Valufs of h. 




Deptl s of Water 



6 I”} 

0 25 

55 


05 

7 

— 

6 


9 
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5 

5 

5 

5 

=■ 

5 

5 

5 

5 

Lr 2 

00 

02j 

046 

074 

OoS 

1 
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030 

020 

021 

018 

Oil 

ra 4 

1 73 



000 

OOo 



002o 



0014 

0013 

J ty 

2 12 

003 

006 

009 
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0016 





OO’ 

■3 r 3 

1 81 



008 

006 




0023 
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§ 

1 6 



007 





OOlo 


001 


ri 00 

2 68 


013 

023 

015 

0^8 

007 

OOu 

004 



OOIG 
















high velocities A, is small compared to (D, -D^) For a smaller channel 
{Di~Z> ) will be less, but probably V and h, will also be less By inter 
polating and noting that A^ is as I * the values of A» for any case can 
be approximately obtained and * corrected by multiplying it by 
which since Di> D^ is greater than unity, so that the corrcc 
X 

tion increases ^ 

Ordmanlj the corrections hiac little effect, because D clniigcs 
less rapidU than ^ Suppose the ratio ^ used is w rong h} 1 per 
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cent , then instead of gn mg tho point where D is, saj , 1 30, it gi\ es 
the point i\hero D is 1 28 or 1 32 
The profile can be easily extended with accuracy to a point 
where the depth is greater than 2Z^ by simply calculating the 
surface slopes at the tw o ends of the extension and draw ing two 
straight lines or e\ en one 

Table In shows some co cfllcients ^ for cases of draw ing dow n 


extending to half the natural depth As with the cur% es of heading 
up the greatest change of slope and the shortest cur\c occurs 
with a channel of triangular section Fig 140 shows one of the 



cur> es The channels are the same as before, but the natural depth 
IS now 10 feet, so that column 1 is not ns before, and 


Cl now refers to the depth J) and C, to the depth ^ Tlie correction 
to be applied to ^ for change jn V le, as before, + or according a^ 
is > 1 0 or < 1*0, but it is greater than before la relatixo amount T1 e 
xalues of for the traperoilal channels are the same as tie xalaei of 

y*giienabo\e The correction for A» is the. same as before and asbefire 

has the effect of increasing ^ 

here D is not much less thin 1/ tht. surface curt e is 'erj 
similar to th it of heading up, with Bimilar proportionate dcjiths , 
but as D decreases the resemblance ceases, and the cnrtaiiiro 
increases rapidly, a tangent to the curio tending to cicntuall} 
become lertical instead of horizontal, as in hcailing up 

The ratios in tiblcsli and hi haic been arran^i^ iii the foT i 



24G 


ir^DPAULICS 


For trapezoidal channels table li gites the ratio but the channels 
concerned had side slopes of 4 to 3 For other side slopes the increase of Jl 
even with the same value of may diGTer somewhat, but the difference is 


likely to be considerable only for a deep narrow channel In any case a 
correction can be made, as above, by considering the change in 

(J2 

instead of m ^ The actual values of Jt. and were ns follows — 

Section ratio = Infinity 
=? 5 0 
i?, =10 0 




2-0 


3 

75 

00 

3 64 

2 60 

20 

62a 

4 78 

40 

1 72 

1 78 

20 


Regarding the hitherto neglected quantity h„ the following table shows 
such values of it as have been worked out for the above cases Except with 


Values of A, 





BeptI 8of Water 
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5 Sa 
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Values off)] D 




l-'a 

•»5 

5 


i 

5 

s 


5 

5 

s . 



00 

02j 

040 

074 

Oo-? 

040 

036 

030 

020 

021 

•018 

01 > 


4 

1 73 



006 

00a 



002a 



0014 

0013 


Ii fl ty 

2 12 

003 

OOG 

009 

007 
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0010 


bi^h velocities /<gis small compared to — For o smaller channel 

{D^-P) Will be less, but probably Fand A,will also be less Byinter 
pointing and noting that A, is as I * the values of k, for any case can 

be approximately obtained and * corrected by multiplying it by 
n ^ I) 

whicli, since i?j> 2)j isgrealer than unity, so that the corrcc 
X 

tion increases ^ 

Ordintuly the corrections hive little effect, liccaiiso J) changes 
less rapidU tliiiij Suppose the ratio ^ used is wrong by 1 per 
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cent , then insteid of gi\ mg the itoint where D js, sij , 1 30, it gi\ es 
the point where /) is 1 28 or 1 32 

The profile c-m be ca<?ily extenUed with iccuracy to a point 
where the depth is greater than til/ b\ simply calcuKting the 
surface slopes at the two ends of the extension and drawing two 
'tfuight lines or et cn one 

Table III shows some co-cfficicnts ^ for cases of draw mg down 
catendmg to half the natural depth As with the cura es of heading 
up the greatest change of slope and the shortest enrae occurs 
with a channel of triangular section Fig 140 shows one of the 


•b 



lio Ha 

curves The channels arc the same as before, but the natural depth 
D’ IS now 10 feet, so that column I is not as before, and 


Cl now refers to the depth D and C, to the depth ^ The correction 
to be applied to ^ for change in if is, as before, + or - according aa 
Is > 1 0 or < la), but it 18 greater than before in relative amount The 
'alnes of ^ for the trapezoidal channels are the same as the values of 
y,* gi\ en above The correction for A, is the same as before, and, as before, 
has the effect of increasing ^ 

1j 

here D is not much less than D the surface curt o is t ery 
similar to that of heading up, with similar proportionate depth®, 
but as D decreases the resemblance ceases, and the curvature 
increases rapidly, a tangent to the curve tending to evcntuallj 
become v ertical instead of horizontal, as in heading up 

The ntiob III tables li and lu have been arranged m the form 
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For trapegojdal channels table h gnes the ratio but the channels 
concerned Iind side slopes of 4 to 3 For other side slopes the increase of if 
even with the same value of may differ somewhat, hut the difference is 


likely to be considerable only for a deep narrow channel In any case a 

C* P 

correction can be made, as above, by considering the change in " , 
(ji t'l 1 

instead of m ^ The actual values of R. and iij were ns follows — 
Section I 
^1 

Jh 

Regarding the hitherto neglected quantity A , the following table shows 
such values of it as have been worked out for the above cases Except with 


£= Infinity 
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high \clocities 7<i IS small compared to {Df'-D) For a smaller channel 
(7)j — /)) will be less but probably I'and A, will also be less Hylnter 
polatiOe, and noting that Ag is as I " the values of h, for any caso can 
bo approximately obtained anl ^ corrected by multiplying It by 
which since Di> i),,is greater than unity, so that the corrcc 

^ X 

tion increases ^ 

Ordinarily the corrections hi'c little cfTcct, beem^e J) changes 
less npidlt than - Suppose the ratio ^ used is wrong hy I per 
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dj<ch'\rgc Mill be a maximum, />J/ being gncn, let BM=D and 

KA=y The "cction CQ is nearlj as — VX as 

and ^IS as / — Then a«5MJming C constant, Q is ncarl} as 

=cnnstant X {{/>*— y)*—y(^+!')(^’ — !/*)H > 
=constaiitx(/>*— y*— ) 

/) 37) 

■WTien the expression in brackets is roro yH — | — 

The discharge is a maximum when y=-^ n'ld a minimum when 


y~D The discharge, however, varies little for a considerable 
sanation in y In the case just referred to, when D was 8 feet, 
the discharge'* fouml w ere, C being constant, 

yalft 2 ft 3 ft 4 ft 5 ft Gft 

5«249 253 255 259 240 229 

Similar interesting problems occur on Inundation Canals, though, 
owing to the tcraporarj nature of the conditions, approximate 
solutions arc sufTicient hen the head reach of a canal is silted 
and the time is approaching when the canal, owing to the falling 
of thenver, willgodrj, a resenc head channel is often opened 
Sometimes the first one is also left open "Whetber it should be 
left open or not depends on what extra suppl) it will gi' o (when 
the water level at the junction is raised by the opening of the 
reserve head) and on whether the slope in it will be so flat as to 
cause It to silt excessively If only one head is to bo open it is 
sometimes better to keep the reserve bead closed, as the slope 
along it maj be flat owing to the conditions in the shifting river 
On the Choa branch of the Sirhind Canil the water four miles 
from the head, was headed up in order to work a mill, and the 
variable flow extended up to the head, thus v itiating the discharge 
table which depended on the reading of the head gauge The use 
of the table was abandoned, but it would 1 e possible to correct it 
on the above principles, a gauge above the mill being also rw 
The case of a silted canal bead (art 8) is different because the e 
13 constantly changing 


Seciio\ IV — V viUABLi. Flow in Genepm 

15 now in a Variable Channel —Sections ii and in of this 
chapter treat of uniform channels but though the propositions 
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gnen so as to admit of corrections being applied, or at least to 
show how the corrections affect them Otherwise it would be 

more convenient to show — instead of ~ It is, however, easy 

to convert the figures It is clear that the total length of a cune 
(say of heading up and starting from the point uhere is 
1 025i) ) IS relatively very great when the heading up is sihall, and 
that coefficients shoeing its total length would require a table 
as large as table li , and similarly with drawing doun 

14 Calculations of Discharges and Water levels — MTien the 
flow in a reach is not variable throughout, the discharge can be 
found from the depth — or vice xersit — in its upper portion, and thus 
V IS known Then, the depth at the low cr end, or at anj point 
in the variable length, being also known, the surface curve can be 
found by the method of the preceding article 
When the flow is variable throughout a reach, such as AK 
(Figs 122 and 123, p 229), supposing a breach m uniformity 
to occur at IT, an approximate discharge can be found bj the 
formula for uniform flou , the slope being KA and the depth being 
greater or less than the mean of the two depths at K and A, 
according as draw or heading up exists The reach can then be 
dnided into a few lengths, or left undivided (according as the 
relative difference m the two depths at K and A is great or small) 
and a nearer approximation made by using equation 74 If the 
depths at K and A arc very different the channel can bo assumed 
to extend up to S and table li or hi used In any aose the 
correct discharge is obtained when, the w atcr lev el at one end being 
assumed, that at the other end comes out correct 

Whether or not the flow js variable throughout the reach, if 
the discharge is so great as to affect the original w atcr lev el at the 
head of the reach, allow ance must be made for this m assuming the 
water lev el at S or K 

A case occurred * in which a cut, JiA, with a lev cl bed (Fig 135, 
p 240) connected two nvers It was desired to ascertain how 
much water would flow along the cut The writer of the article 
worked out the discharge from first principles 1)} the aid of the 
calculus, the w orking occupy ntg several pages Tins case, as w cll 
as that shown m Fig 13G, can be dealt with as above, except tliat, 

D being infinite, tables li and hi cannot be used, and that for the 
lev cl bed equation 79 (w Inch is simpler) is to be used instead of < f 
To find approximately the depth 135) for which 

1 iliutiUa o/ Procectltnjt lusltlution o/Cml I nji'ifeii vol bn 
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tlifchirg^c will be i mtximtrm, / Vlwin^ gircri, let /?!/=/> and 
X4=v The Jcclion ii nnrir v ii 

anl ^fS Tlicii ■i»«nniing C conutant, Q !<( ncarl} as 

(7J+v)(/>'-v’)l, 

s=con*tanlx(/^*— y*— /V“V’) 

A\*hcn the exprc*«ion m 1 neheta la rero V+~^ = 

The (lischarge m i Tniximum «bon ys= and a nunimum when 

ys=/J The (!i«charge, however, aancs little for a considcral !e 
variation in y In the ea«c jmt referred to, when /> wa? 8 feet, 
the discharges foiui I were, Chemg constant, 

y=lft 2 ft 3 ft 4 ft Dft Gft 

219 2'i3 255 259 240 229 

Similar interesting prol Icms occur on Inumlation Canals, though, 
owing to the temporary nature of the condition*, approximate 
solutions arc tudicicnt. W hen the head reach of a canal is silted 
and the time is approaching when the canal, owing to the falling 
of thenier, willgodrt, a rc«ciae head channel is often opened 
Sometimes the first one is also left open hetber it should bo 
loft open or not depends on what extra supplj it will gii c {when 
the aratcr lead at the junction is raised the opening of the 
rcsciac bead) and on whether the slojio m it will be so fiat as to 
cau«e it to silt cxccssn cl} If onl} one head is to ho open it is 
sometimes better to keep the reserve head dosed, as the slope 
along it ma} be flat owing to the conditions m the shifting ri\cr 
On the Choa branch of the Sirhind Canal the water, four miles 
from the head, was headed up in order to work a mill, and the 
aanahlc flow extended up to tho head, thus a itiating the discharge 
table which depended on the reading of the head gauge The use 
of the table was aliandoncd, but it would he possible to correct it 
on the above principles a gauge aboae the mill being also read 
Tlie case of a silted canal head (art 8) is diircrent because the bed 
IS constantly changing 

Section IV — Vakiabll Flow in Genervi 

15 Plow in a Variable Channel — Sections ii and iii of this 
chapter treat of uniform channels, but though the propositions 
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Tho surface slopes at opposite banks of a stream are not gener 
ally equal unless it is quite uniform and straight 

17 Rivers — A rner, especially at low water, may bo a senes 
of separate streams with numerous junctions and bifurcations 
The water level in a side channel CAh (Fig 142) may afford only 
a very poor indication of the general water lea cl 
in the riaer Suppose that vith a good supply the 
v ator le\ el at A is the same as that at B If there 
IS silt m the channel CA — tho silt being deepest at 
C — a moderate decrease of the ri\ cr discharge may 
cause a great decrease in the discharge of CAy or 
eaen a total cessation of discharge This causes 
great difficulties in the matter of gauge readings in 
some Indian nvers Supptosc a gauge to haae been 
originally at £ If erosion of the bank sets m tho 
gauge has to be mo\cd, and sometimes it is difllcult 
to find another place (free from practical difficulties in tho matter 
of reading tho gauge and despatch of readings), eveept at such 
a place as ^ in a side channel In floods, especially nhen tho 
sandbanks hetw een tho channels arc submerged, there is a general 
tendency for tho water surface to become lc\ cl across, but it by no 
means follows that it becomes so hen tho deep stream is at 
one side of tho naer channel tho flood level is nearly always 
higher on that side than at the opposite side 
Since a small cioss section tends to cause scour and a largo 
ono silting, xt follows that eacry stream tends to become uniform 
in section The remarks made m articles 1, 2, and 8 also shov 
that it tends to destroy obstructions, to assume a constant slope, 
and to become curved in such a way that its aelocity vill suit the 
soil throUjjh uhich it floxxs If a rixcr alwajs discharged a con 
stant aolumo its regimen would prol ablj be permanent It is the 
fluctuations in the discharge that cause disturbance 

E\ \Mri Es 

Example 1 — In tho channel considered m example 3 of chapter 
\i a heading up of 1 2o ft js ciiiscd by a weir ^\hat bcadiii^ 
up 13 caused 2000 feet upstream of tho wcirl 

Table shows /={02G sq ft Also rf^/t=80x4 7')=T‘'0 

sq ft A,=22G s(j ft and nearly, so that j lies 

between the a allies for the first ami second cases in tho Fccon 1 
jvart of tabic li , and somewhat iicircr to tho first than tho second 
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Since S — - g - QQQ and 7J,— 475 ft x* 
475x5000=2375 ft 

The headed np depth at the weir is 6 ft =4 75x 1 2G4 From 
table li ^ IS about 550 when D, is 1 2j9 and i)* is 1 3Z)' 

Therefore Zr=- 7 ^=— _~=4318 ft The distance of the weir 
550 5o0 

downstream from the point nhcrc the depth is 1 207)' is 
1 204—1 ^00 

1 30^1 oQ X4318=2764 ft The point 2000 ft upstream of 
the neir is thus 704 ft from the abote point, and the change of 
764 

depth in this length is (1 30—1 20)i)'Xj2f8~ 0187), so that the 
headingup is (1218 — 100)7)', or 218x 475 ft, or 104 ft 
Corrections if applied to this case might alter the result by 01 ft 
Example 2 — From the stream considered m the first trial in 
example 2 of chapter m a branch is tahen off and discharges 
120 c ft per second What lowering of the water level is caused 
1600 ft upstream of the branch 1 
Table alu shows ^/=356 3 Also -4*=40x7 5=300 sq ft 
j4 X* 

/f,=06 3 sq ft and ^*=5 32, so that lies between tbe 

aalucs in tbe first two lines of the second part of table In The 
discharge below the bifurcation is 967 c ft , and this is gnen b} 
a depth of 7 ft , so that the lowcnng is 5 ft 

Since 5*=-- ^^ and 7),— 7),=^= 375 ft 3-*=^^, — = 
375x5000=1875 ft The draw n-down depth at the bifurcation 
is 7 ft=7 5x 93 ft From tabic In is about 33, when 7), 

IS doiy and 7), is 907) Therefore £=-^ = -^^^=0682 ft 
The distance of the bifurcation downstream from the point where 
the depth IS 937/ is g^ x5G82=1894 ft The point 1500 

ft upstream of the weir is thus 394 ft from the abo\e point, and 

394 

the change of depth in this length is ( 95— 90)7/x-^<5,= 
003477), so that the drawing-down is 7/ — { 9 j— 0035)7/ or 
0535x7 5= 401 ft 
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Tvble LI— Rmob for calculatinc Ppofilf of Suffice 
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Tablf LII — Ratios for caicvlating Profile of Surface 
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CHAPTER VIII 


HYDRAULIC OBSERVATIONS 

[For general remarks on Hjdraulic Obserxations, see chap ii art 2j] 

Section I — General Methods 

1 Velocities — IViien the telocity is obscned at one or more 
points in the cross section of a stream, the process is termed ‘ Point 
Measurement ’ "Wben the mean \clocity on a line in the plane of 
the cross section is found directly, it is knoun as an ‘Integrated 
Measurement ’ Velocity measuring instruments are of t« o classes, 
namely, 'Floats’ and ‘Fixed Instruments' Fixed Instruments 
give the velocities in one cross section of a stream Floats give 
tho average velocity m the ‘run* or length over which thej are 
timed, and not that at one cross section Floats are used only in 
open streams, hut fixed instruments sometimes in pipes 
With most instruments time observations are necessary The 
best instrument for this is a chronometer heating half seconds, 
similar to those used at sea, or a stop-watch which can be read to 
quarter seconds The next best is a common pendulum swinging 
in half seconds, and after that an ordinary w atch Tho error in 
timing with a chronometer is not likely to exceed half a second, 
with an ordinary atch it maj be one or ev cn tw o seconds Some 
stop-watches and watches not only do not keep proper time, but 
are not regular in their speed If any such defect is suspected 
the instrument should be tested The time over which an obscr 
vation extends should he such that anj error in timing will be 
relatively small In order to eliminate tho ‘personal equation ’ of 
tho observer similar observations at the beginning and end of the 
time should be performed by the same individual, or if performed 
by two they should frequently change places 

Floats include surface floats, sub-surface floats, and rod floats 
The first two are used for point measurement, the last for into 
grated measurements on vertical lines A float travels with the 
stream, and so interferes little with the natural motion of the 
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crater It$ \clociU ii anppi>«c<l to !«; the simc t? tint of the 
\ntcr which it <Ii«phcc« 

Fixed Instrntnenta 'ire duidcd into Current Meters nnd Pressure 
In«tnimcnt« In the former the % cIoclt^ of the streim is inferred 
from thit of i rciohtng acretr, m the litter from indications 
caused dircctU hi the |irc«'urcof the viler* Velocities cannot 
Ik; obtained h} hixcil Instruments iintil the} hiichccn ‘Rated,’ 
that 1 *, until It lias lx en a«c« rtinied tint certiin indications of the 
instrument correspond to certain iclocitics Fixed instruments 
interfere vith the nalunl motion of the stream, but this need not 
cause error The ilisturKance is aln ost entirel} do rnstrcim of an 
obstruction (chap u art 21), and if those parts of the instrument 
which ire intended to rccenc the cficct of the current are kept 
well upstream, no dilTicuIu an<C', except perhaps in aery small 
streams If a lioit is uscil the how can be kept jxnnting upstream 
and the instrument upstream of the bo", a platform being made 
to project over tin. Mw Ihcn if the boat or instrument is so 
large (which is not likch ) rclatncl) to the stream is to cause a 
general heading up, this will not present a corrci t meisurcmcnt of 
the discharge, thoiu'h it maj ifTtct the surface «Iope In older that 
disturUincc mat not be caused b) moorings the boat should (unless 
It is a steam hunch which can maintain its position) be held by 
shore lifics If attached hy its bow to a ptillcj running on a tnns 
icr«c rope, it can quickh be brought, bi using the rudder, to my 
required point Another transitrsc rope senes to keep the boat 
stead} and, if dnidcd by marks, shows its position In a wide 
stream containing shallows the ropes may rest on trestles placed 
at the shallows M here moorings must b*. used it is best to moor 
two boats side b} side, as far apart ••s practicable, and to work 
from a platform between them, Keeping the instrument well 
upstream 

The choice of an instrument for iclocity measurement depends 
on larious considerations Floats require a regular stream, but 
fixed instruments can bo used m any stream In comparing the 
Current-Meter, or Pitots Tube with Floats, regard must be had 
to the design and quality of the instiumcnts aiailable, and to the 
manner in which they were rated Subsurface floits are unsuit 

* lurtlier inf( nnation coDcemin^ tixed Instruments is given m Sections 
1% and \ , but the \arictics and details are scry numerous in 1 cannot all 
be discussed Tliere arc many papers on these instruments in the Jhnutu 
of Proceedtn^t of the Im Untion of Ctnl Engineers and 1 ran^a'ttona of Ike 
American Soeielt/ of Ciitl Engineers 

r 
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able when the stream is rapid or when there are weeds growing 
in it, fixed instruments unsuitable when the t elocity is i erj loii 
For surface velocities alone surface floats are, in regular stream's, 
the best instruments unless there is considerable wind For 
integrated measurements the rod float is as good as any instru 
ment, pro\idcd the bed is eien enough to allow of a rod of the 
proper length being used 

The abo^e considerations refer to accuracy only As regards 
the time occupied and the number of obseriers required, fixed 
instruments generally ha\e the adiantage In a di charge 
measurement of a large ri\er current meter integration measure 
ments can be made while the soundings across the channel are 
being taken On the other hand, the time occupied in rating the 
fixed instruments, their initial cost, and their habilitj to damage 
or loss, especially in out-of the way places, may be lery important 
factors If a stream is too wide to be reached at all points without 
a boat, has no suitable bridge, but is still narrow enough for the 
floats to be thrown in from the sides, and if no soundings are 
required, float obsenations may take le«s time than others 

2 Discharges — The discharge of an aperture or pipe is not 
usually found by measuring the aclocitj but b} letting the water 
pass into a tank and measuring the a olumc added m a gn en time * 
N^heneaer leakage, absorption, or eaaporation occur, allowance 
must be made for them, but some error is likely to result 

The discharge of an open stream is usuallj found bv obacraing 
the depths and mean aelocities on a number of aerticals Lot 
ABC (Fig 143) be the mean velocity curae, and ADEFC a curac 
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arliosc ordinates arc found ba multipljing the depth on each 
vertical ba the corresponding a clocita Then IDfhi is the <lis 

* Tic aclocitics in large I maj lowcier Ik* b«er>el (arl It) 
W 1 cn tl IS It «loiic It IS l>cst to tliai lo the acction mt i ccmric iircln f 
c<juM areas 
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charge cur\e, and its area is the discharge If floats are used the 
■velocities obtained are the •i\eragcs in the run, and the depths 
must also bo averages in the run The more numerous the 
verticals the more accurate the result For ordinary vrorh ten is 
1 fair number, for very accurate uork, twenty In the segments 
4D, ICi near the sides the verticals should be nearer together than 
elsewhere, because the ordinates change rapidly The equal 
spacing of the verticals in each segment is not essential, but it 
simplifies the calculation, as it is only necessary to add together 
all tho ordinates in a segment — deducting half the first and last — 
and multiply the sum by the distance betw een tho ordinates The 
discharges of all tho segments added together gives that of the 
stream If the number of equal spaces in a segment is oven 
Simpson’s rule can bo used, but ordinarily the results of formul® 
such as this differ very little from those of tho simpler rule 

Sometimes tho spacing m a segment cannot bo equal If there 
13 in the cross section any marked angle, vvbctber salient or 
re entering, a measurement should be made there Sometimes 
when floats are used in rivers the velocities must bo observed 
where the floats happen to run In such cases the depths at 
these exact points need not be measured, but may be inferred 
from those observed at fixed intervals or found by plotting the 
section 

If the mean velocity on a vertical is obtained by multiplying 
the observed surface velocity by the co efficient ^ (chap vi art 9), 
and if ^ IS tho same for all verticals, the discharge may be calcu 
lated as if the surface velocities were the means on verticals and 
tho whole discharge multiplied b^ 

Discharge observations m an open stream arc greatly facilitated 
by tho construction of a ‘Flume ’ A short length of the channel 
IS constructed of masoniy or timber The sides may bo sloping 
but are preferably >crtical In the aliscnce of silt deposit tlic 
section of tho stream is known from the water level, and if rod 
floats arc used they are all of one length FJriraes ma}, however, 
prevent proper surface slope observations (chap vii art 5) 
Discharges can be obtained with more or le s exactness by the 
observ ation of U or If, and tho use of o or 8 (chap vi art 10), 
hut a flume IS often unsuitable for this (chap ii art 21) 

A\ hen a discharge table has been prepared for anv site or 
aperture, the discharge can le found simph ol« crving the 
water level or head or — m the case of a pipe — the hjilrauhc 
gradient Tlio di<sch irgc of a pipe maj l>c altered b^ corrosion, 
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and that of an open channel by changes occurring, not only at the 
site but downstream of it Hence orifices and weirs in thm walls 
afford the best means of measuring moderate quantities of water 
For larger quantities, and for small quantities a\hen no fall is 
available, measurement in a flume or regular channel is adopted, 
but the aclocities should be ob«ened sometimes, if not in the 
whole section, then in the centre 

3 Soundings — Soundings are generally taken to obtain a cro^s 
section of a stream, but longitudinal sections maj be required m 
order to find the most regular site, or in connection mth float 
obseraations In water not more than about 13 feet deep 
soundings arc best tal en anth a rod, which may carrj a flat shoe 
to prcNcnt Its being dnacn into the bed In greater depths a 
n cightcd line is used 

Unless the aclocity is aery loav it is best to obserac soundings 
from a boat drifting downstream The current then cherts little 
force on the rod or line, which can thus be kept aertical It can 
bo held so as to clear the bed by a small amount, and loarerecl at 
the proper moment This plan is particularly suitable for obtain 
mg the mean cross section m the run a\hen floats are used As 
the boat drifts the bottom is frequently touched a\ith the rod or 
line, and the readings booked and aacraged Any local shallow 
likely to interfere arith the use of rod floats is also thus detected 
^\ hen shore lines can be used the boat can be worked and the 
widths measured as described in article 1 In wide naers lines 
of flags or ‘ range poles ’ are used instead of ropes An obsera cr 
on the boat or on shore can note the moment when the boat 
crosses the line, and gia o a sign il for the soundings to bo taken 
To determine the distance of the boat from the bank an obsera cr 
m tbo boat reads an angle anth a scataiiip, or an obsera or on shore 
reads it aaith a theodolite, folloaauig the boat aaith his instru 
ment and keeping the cros«, wirLS on some part of if 11 hen the 
lino 13 reached the motion of ^hc instrument is stopped and the 
angle read off 

4 Miscellaneous — The diamctcib of pipes, aahilc avater aaas 
floaving, avero measured by illi ims, IlubbcII, and FenkcII bj 
means of a rod aaitli a hook inse ted through a stufliiigbov 
For obt lining the mean diameter m a length of pipe one method 
18 to fill It aaith avater, aahich is aftcraaird', moisurcil or aicightd 
If the joints arc not closeU filled in soino iriormaa be caiiscil, 
and Smith m some caperimcnts filled cich pcpinto pitcc of pqio 
before it was laid, and wci^,hc(l the aaatcr it contained 
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For I'ccrliminc «■, inti r, for onficc« special arrangements ire 
require I Thciclocitv oftlicjctis found ?iv olisening its nngc 
tn 1 liorirontil jihnc A ring or movillc orifice of ncirl} the 
jirc of llic rectmn of the jet mi\ Ik? plncetl so that the jet pi<'cs 
through It the flow stnppetl incl the nccc<Mr\ di«tanccsmcisi:red 
TTie ictuil xcl>citv nn then Ic found fruin cquntion 29 or 30 
(p “i) ind the iclt il head iK'in^ Tnci<urt?<l f, is cisilr found 

^^hcn ch'crMtions of int kind arc unde i suitiblc form 
fhoul He p'Tpire*! "nd filKxl m It should hi'e spaces *ct apart 
for reconlmg the <latc time gati^e reading and (at least when 
flaat* arc ti*ed) th dircotio j anti force of the « ind 

SiCTKis n — Want irvii.s 

5 Gauges.— h r ol cnimj the araicrlcvcl of an open stream 
the simplest kind of giUj,c is a acrlical scale fixed in the stream 
and graduated to tenths of a foot It max l>c of enamelled iron, 
screxrcd to a wooden |)o«t arhich is dnxen into the bed or spiked 
to a mavjnrx xr<rk The aero roar conxcmcntly be at the bed 
lex el, so that the reading pxes the deptli of " iter The actual 
g-iugo mar extend onlr doxwi to low? xratcr lexcl If a gauge is 
crpo«ed to the current it max be damaged 1 r floating bodies and 
It 18 difficult to rei<l it aeciintelx oxnng to the piling up of the 
water again«t the up«tn.atn face and the formation of a hollow 
downstream Thc'=c irresulariiics can be groatlx reduced bx 
sharpening the upstream and «ox»ustrcam faces of the j ost or the 
up tream face oiilx Ore iter acciiracx can be obtained bv placing 
the gan^^c in a rcctss ip the Uank, I ut not xihore it is exposed to 
the cfficts of irrcgularilics m the channel (chap mi art 2) and 
hr watching the fiuctu'>tions of the xrater lex el noting the highest 
and Iowc«t readings xutbm a penod of about half a minute and 
taking their mean but ac-ygreat accurac} br direct reading of 
a filed gauge is difficult because of the adhesion of the water to 
the gauge, and the differences in lex cl of the point obserxed and 
the eve of the obserxer 

ith floating^augcs thc«c difficulties arc almost got nd of The 
graduated rotl is attached at its lower end to a float which rises 
and falls xvith the xrater lex cl The rod trarels x erticallv between 
guides and it is read bj means of a fixed pointer on a lex el xnth 
the ex e of the obserx cr The float and lod should be of metal, so 
that thcr max not alter m weight bx absorbing moisture, the 
float pcrfcctlx w atcr tight and its top conical so that it mav not 
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form a resting phcc for solid matter The gauge should occasion 
ally he tested b) comparison avitli a fixed gauge or benchmark 
Tor a gi\ en weight of float and rod the smaller the horizontal section 
of the float at the uater surface the more sensitno the gauge 
will bo 

To reduce the osullations of the surface a gauge, whether fixed 
or floating, maj be placed in a masonry mcU communicating with 
the stream bj a narrow vertical slit It js not certain that the 
average Mater level m the ucll is exactly the same as in the 
stream, but the difference can onlv be minute The larger the 
M cll the better the light and the less the oscillation of the m ater 
riic advantage of a slit as compared with a number of holes is that 
it canalwa;ys bo seen whether the communication is open, hut in 
order to avoid the necessit} for frequent inspection the oscillation 
of the Mater m the well should not be entirely destrojed In 
obsert ations made downstream of the head gates of irrigation 
distributaries in India the oscillations Mere aer} violent — 
amounting to GO foot— but they were reduced to 03 foot m the 
MoII by slits 005 foot Mjdc 

Where a gauge docs not exist the water lev cl can bo measured 
from the edge of a Mall or other fixed point, cither above or below 
the surface Om ing to the oscillation of the m ater the end of the 
measuring rod cannot be held exactly at the mean water level It 
slioula bo held against the fixed point, and the mean reading 
taken as explained abov c A self registering gauge can be made 
by moans of a paper band travelling horizontally and moved b^ 
clockwork and a pencil moving verticall} and actuated by a 
float The pencil draws a diagram showing the gauge readings 
The water lev el in a tank may be shown by a graduated glass 
tube fixed outside the tank and comraumcating with it 

The level of still water can be observed with extraordinary 
accuracy by Boyden’s Hook, Gauge, vrhich consists of a graduated 
rod with a hook at its lower end The rod slides in a frame 
carrjing a fixed vernier, and is worked b} a slow motion screw 
If the hook is submerged, the frame fixed and the rod moved 
upwards, the point of the hool , before emerging causes a small 
capillarv elevation of the surface The rod is then depressed till 
the elevation is just visible By tins means the water lev cl can 
be read to the thousandth of afoot, and even to one five thousandth 
in still water, bj a skilled observer m certain lights The hook 
gauge is not of much use in streams because of the purficc 
oscillation It is most used in still water upstream of weirs 
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To destroy oscillation and nppks, a bov having holes m it ma) 
be placed jn the water and the readings taken m the box "W hen 
observing with a hook gauge in water not perfectl} still the 
point of the hook should he set so as to be visible half the 
time A pointed plumb bob hung over the water from a closclv 
graduated steel tape is sometime^ used, and bj it the surface level 
can be observ ed to w itlim 005 foot The adjustment of the level 
of the zero of the gauge above a weir may be effected bj a 
levelling instrument If effected from the level of the water 
when just beginning to flow over the crest capillary action maj 
cause some error 

6 Piezometers — The name ‘Piezometer,’ used chieflj for the 
pressure column of a pipe, is also used to include a gauge well and 
its accorapanjing arrangements In all such eases the surface, 
where the opening is, should be parallel to the direction of flow 
and flush with the general boundary of the stream, and the 
opening should be at right angles If it is oblique the water 
level in the piezometer will be raised or depressed according 
as the opening points upstream or downstream The well or 
pressure tube can be connected vvitb any convenient point bj 
flexible hose terminating m fixed glass graduated tubes \^ ith 
high pressures the piezometers may bo connected w ith columns of 
mercury, which may be surrounded by a water jacket to keep the 
temperature nearly constant Common pressure gauges are not 
accurate enoUg,b 

In the piezometers of pipes air is somewhat liable to accumulate 
and cause erroneous readings hen the presence of air is 
suspected the tubes should bo allowed to flow frcclj for a few 
minutes If flexible they can be shaken and if stiff rapped with 
a hammer Very small tubes are liable to obstruction by leaves 
or deposits and should be avoided, as also should glass gauge 
tubes small enough to be affected bj capilliritj The orifices 
should be drilled and made carcfullj flush Instead of one orifice 
there maj be four, 90' apart, in one cross section of a pipe, all 
opening into an annular space from which the piezometer tube 
opens It js not certain that this gives greater exactness but 
with a single opening from the top of the pipe the accumulation 
of air IS probablj greatest The air probablj travels alon^ the 
pipe at the top 

The ^ entiiri meter for pipe observations has been dc'crilxal m 
chapter v (art 7) It has been patented and can be obtained 
with automatic recording apparatus 
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form a resting place for solid matter The gauge should occasion 
ally be tested h} comparison with a fived gauge or benchmark 
For a gu en iveight of float and rod the smaller the horizontal section 
of the float at the water surface the more sensitive the gauge 
will bo 

To reduce the oseillationa of the surface a gauge, whether fixed 
or floating, ma} be placed in a masonry well communicating with 
the stream bj a narrow vertical slit It is not certain that the 
average water lea cl m the well is exactly the same as in the 
stream, but the difierence can only be minute The larger the 
aiell the better the light, and the less the oscillation of the water 
The advantage of a slit as compared with a number of holes is that 
It canalwajs be seen whether the communication is open hut m 
order to avoid the ncecssitv for frequent inspection the oscillation 
of the water in the well should not be entirely destroyed In 
observations made downstream of the head gates of irrigation 
distributaries in India the oscillations were very violent- 
amounting to CO foot — but they were reduced to 03 foot in the 
well by slits 005 foot wide 

‘Where a gauge docs not exist the water lev el can bo measured 
from the edge of a wall or other fixed point, cither above or below 
the surface Owing to the oscillation of the water the end of the 
measuring rod cannot be held exactly at the mean water lev cl It 
should bo held against the fixed point, and the mean leading 
taken as explained above A self registering gauge can bo made 
by means of a paper band travelling horizontally and moved b^ 
clocl worl and a pencil moving vertically and actuated by a 
float The pencil draws a diagram showing the gauge readings 
The water level in a tank may be shown b^ a graduated glass 
tube fixed outside the tank and communicating with it 

The level of still water can be observed with extraordmarj 
accuracy bj Boyden s Hook Gauge, which consists of a graduated 
rod with a hook at its lovvcr end The rod slides in a frame 
carrying a fixed vernier, and is worked by a slow motion screw 
If the hook is submerged, the frame fixed and the rod moved 
upwards, the point of the hool , before emerging, causes a small 
capillar^ elevation of the surface The rod is then depressed till 
the elevation is ]ust visible this means the water level can 

be read to the thousandth of a foot, and cv cn to one fiv c tlioiisandth 
in still water, bj a skilled observer in certain lights The hook 
gauge 13 not of much use m streams bi cause of the surface 
oscillation It is most used m still water upstream of weirs 
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To destroy oscillation and ripples, a box liaMng boles in itma} 
be placed an the Mater and the readings taken in the box. '\\ hen 
obsenmg Mith a hook gauge in water not perfectly still the 
point of the hook should be set so as to be visible half the 
time \ pointed plunil>-bob hung o\cr the water from a closeh 
graduated steel tape is sometimes use<l, and b} it the surface lead 
can be obser\ ed to w ithin 005 foot The adjustment of the level 
of the zero of the gauge aboae a weir may be effected bj a 
levelling instrument If effected from the lead of the water 
when just beginning to flowoicr the crest capillary action maj 
cause some error 

6 Piezometers — The name ‘Piezometer,’ used chieflj for the 
pressure column of a pipe, is also used to intludc a gauge well and 
Its accompanying arrangements In all such cases the surface, 
where the opening is, should be parallel to the direction of flow 
and flush avith the general boundarj of the stream, and the 
opening should bo at right angles If it is oblique the water 
level in the piezometer will be raised or depressed according 
as the opening points upstream or downstream The well or 
pressure tube can be connected aiith any convenient point 
flexible hose terminating in fixed glass graduated tubes With 
high pressures the piezometers may be connected wuth columns of 
mercury, which may be surrounded by a water jacket to keep the 
temperature nearly constant Common pressure gauges are not 
accurate enough 

In the piezometers of pipes air is somew hat liable to accumulate 
and cause erroneous readings hen the presence of air is 
suspected the tubes should be allowed to flow freelj for a few 
minutes If flexible they can be shaken and if stiff rapped with 
a hammer Verj small tubes are liable to obstruction by leases 
or deposits and should be avoided, as also should glass gauge 
tubes small enough to be affected hi capillarity The orifices 
should be drilled and made carcfullj flush Instead of one orifice 
there vaa.^ be fewi, 90’ apart, w\ owe etwee seetiew wC a. ptpc, all 
opening into an annular space from which the piezometer tube 
opens It IS not certain that this gues greater exactness but 
with a single opening from the top of the pipe the accumulation 
of air IS probablj greatest The air probablj tra^eU alon^ the 
pipe at the top 

The enturi meter for pipe obsen aliens has been de«cribc<l in 
chapter a (art 7) It has been patented and can be obtained 
^vlth automatic recording apparatus 
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The 'irriii^cracnts at the weirs where the most import-int 
observations (chap n art 1) h'i\c been made >\crc as bclov 
In all cases the surface containing the orifice was parallel to the 
ixis of the stream 

Ba^tn — An opening near the bed 4 inches sq^uarc communicating 
M ith a well 

Fiancxs — A small boa^ mth i inch holes in the bottom 
rteleij and Sleain ^ — For the 19 foot weir there Mas an opening 
04 foot in diameter and 4 feet lower than the crest of the mcii 
From the opening a rubber pipe led to a pail belon the weir 
For the 5 foot m eir there Mas a board parallel to the side of the 
channel and 1 5 feet from it The pipe leading to the pail started 
from an auger hole in the board 9 feet aboic the bed of the 
channel 

To find tho heals on Mcirs piezometers connected Mitli perforated tubes 
placed horizontally in the channel ha%e been used in America, but tliej 
appear to give unreliable results, even when the holes open vcrticallj In 
capenments made at Cornell University" the ‘middle piezometer’ was a 
transv ersc 1 inch pipe, laid 8 inches abov e the bed and 10 feet upstream of 
the Meir Tlie ‘upper piezometer’ was similar, but 15 feet further upstream 
‘flush piezometer’ was also ‘set in the bottom of the flume,* C inches 
upstream of the upper piezometer The readings of these two differed on 
one occasion Ij 3 foot The readings of the upper and tho middle also 
differed It is believed that the opening from the rounded surface of the 
pipe instead of from a plane surface causes error, and that the error is one 
of defect \ ‘ longitudinal piezometer ’ was formed bj certain perforated 
pipes \\ ith high heads— a little over 3 feet— the longitudinal piezometer 
read 099 foot Ingher than the upper piezometer itli a head of about 
17 foot there was no difference between the two rapenments made bv 
\\ lUiams ® also show that tho rcadm,.s obtained vv itli a transv erse pipo vv itli 
lioles opening downwards, do not rgree with tliosc obtained by ft simple 
opening in the side of the channel being higher witli low supplies and 
lower with liiglior supplies It acems clear that all perforated pipe 
arrangements are to bo avoided until tlicit ftctioii is bettir understood 

7 SurfacC'Slope — Probably the best method of observing the 
slope m .a short length of open Urearo is to dig two ditches from 
the extremities of the slope length, both leading into .a well 
divided into two by a thin partition The difTcrcncc between the 
water lev els on tho two sides of the partition is the local surficc 
fall It can be V CIV iccuratcly measured, especially if the ditches 

• Tho box projected somewhat intn the stream, and this was not frit 
from objcttioD, ns it caused an abnij t change 

’ TriJn.*nftionio/lUAmtneanSoeutyt>/CnilLujiiic(rf,\o\ xln 

^ Jl I t vol xliv 
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arc treated as gauge Mtlla, that is, ojicii into the stream b} narrow 
slits This IS perhaps the onl^ a\a^ b^ which the slope m a 
really short length can be found * Slight leakage in the partition 
IS probably of no consequence ns long as it gues rise to no 
perceptible current in the ditch The slope should unless the 
stream is perfectly unifonn and straight, be obsened at both 
banks and the mean taken (chap an art 1C) 

For measuring the loss of head in a short length of pipe a 
differential gauge nna be used consisting of two parallel glass 
tubes With a scale fiacd between them Capillint} docs notMtnte 
the results bocan«c it is the difTerciice that is taken If the tubes are 
partly fdlcd with avatcr and the space al>o\ c the w ater is occupied 
h} air the difference in the heights of the water columns giscs the 
difference in head To obtain great exactness illiaras, Hubbcll, 
and Fenkell used an in\ertcd U tube and substituted kerosene 
oil for air This causes the difference m the readings in the two 
legs to be magnified about fnc tiroes Another differential gauge 
used was a simple mcrcur) gauge All these gauges bad to bo 
‘calibrated’ (their constants determined) and corrections were 
applied for changes in temperature " 

III whateser wa) slope is obscracd the openings of anj pair of 
gauge wells, ditches, or piezometers must be exactly similar, and 
the obscriations should be repeated at }ntcr\als as long as the 
iclocity obsenatioiis last 

Section HI — Floats 

8 Floats in general — The size of a float used for point 
measurement is limited bj the consideration that the mean 
aclocity of the stream within the ‘direct area’ of the float (the 
area of its projection on a cross section of the stream) must be 
practically) equal to that at the point where the % elocity is sought 
The depth of the submerged part of a surface float ma\ be about 
one tw entieth of the depth of water and the depth of a sub surface 
float one tenth or, at the point of maximum tcIocU} one 
twentieth of the depth of water The avidth of a float of any 
kind may be about one twentieth of the width of the stream 
except for use near the bank, when it may be about one tenth of 
the distance from the bank to the line of the float The length is 

* This method can be used for a pipe proTided tl c 1 ydranlic gradient is 
at a cotiicnient lei cl 

* Traiwaclions o///e /ImmcaM^ocirfy q/’Cinf L* I?*! xlvii 
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similarly limited becausu the float may re^ohc The e\j)oscd 
jiart of a surface float should be small compared to the submerged 
part For deep ^vater a good surface float is made by a bottle 
submerged all but the neck, or a log deeply submerged , for 
shalloir uater by a disc almost totally submerged and carrying a 
small cylinder or knob With all kinds of floats the exposed part 
should be of such a colour that it can easily be seen 
The ‘lines’ or boundaiies of the run are marked by ropes 
stretched across the stream at right angles, or, if the uidth is 
great, by lines of flags Ohseners signal each float as it crosses 
the lines, and another observer notes the times "When ropes are 
used the float-courses can be marked by ‘pendants’ of doth or 
brass Usually about three floats are signalled m rapid succession 
at the first line and then at the second If on reaching the scloiuI 
line they have changed order, this affects the induidual times 
recorded, but not the mean With a stop natch the time 
obsori cr may also be the floaUobsen er He can start and stop 
the natch nhile noting the float But in this case each float must 
complcto its course before another can be timed ^^lth a sJon 
current the time obsener may also start the floats, and ho may 
Cl cn use an ordinary i\ atch In a indc ni cr the course of a float 
can be obseri ed by an angular instrument (see art 3) 

A float required to traiel in an} course usually deviates from 
It The dcNiation increases the distance over uhich it travels, 
but tins is of no consequence because the object is to obtain the 
forward velocity (chap i art 3) The de\ntion is of conse 
quenco only uhen the velocities in adjacent parts of the stream 
differ much from one another, that is, general!}, near the banks 
In such cases the ‘run’ of the float can be shortened, the deviation 
noted, and the mean course adopted ropes arc ustd the 

approximate deviation can be seen b} tbc float-starter b} means 
of the pendants, cspeciall} aihen tbc rope is at a lou level 

The length oacr IN Inch a float trai els, upstream of the run, m 
order that it ma} acquire the vclocit} of the vatcr, is called the 
‘dead run’ The float ma} be taken out into the stuam, or 
tliroun in from the bank, or placed m it from a bridge or boat 
Throwing in is often practicable aiith surface floats, and somt 
times with rods A low lead singlespan bridge is the most 
suitable arrangement, but if there art piers or abutments winch 
interfere with the stream the} disturb the flow, and a site down 
stream of them is unsuitable for aclocit} mcasiircmcnts, at hast 
with floats (chap ii art, 21) Lacn a boat causes disturbance 



inDPAULIC OBSPmATIONS 


2C7 


downstream T«o small boats or pontoons carrying a platform 
arc better than a large boat 

The length of run to bo adopted depends on the a elocity and 
umformitv of the stream, the accuracy of the timing, and the 
distance of the float-course from the banlv, this last consideration 
haaing reference to dcMation Ordinanl) the length mav bo so 
fixed that the probable manmum error m timing will be only 
a small percentage of the time occupied The length maj, 
howca cr, ha\ c to be reduced if the stream is not regular, especially 
if rods are used Kcduction of the length m order to as old 
cxccssnc dcMation is most likely to be necessary for observations 
near the bank, cspcciallj \\ ith surface floats The surface currents 
near the hank set towards the centre of the stream (chap ai 
art 7), so that the tendency to deaiation is greater, nhile the 
admissible deanation is less Most obser\ations are made at a 
distance from the bank, and the rejections for cxcessn e dca lation 
need not generally he numerous A moderate number of re 
jections, owing to a long run, does not cause much loss of time, 
because in order to obtain a particular degree of approxunation 
to the a^e^agc aclocity of the stream the number of floats re 
corded must be ina crscly proportional to the length of the run 

9 Snh surface Tloats — A float used for measuring the velocity 
at a gn en depth below the surface is called a ‘ double float ’ A 
submerged ‘ lower float ’ somen hat hea> icr than water, is suspended 
by a thin ‘ cord ’ from a * buoy ' wbich moves on the surface In 
the ordinary kind of double float tbc buoy is made small, and the 
'elocity of the instrument is assumed to be that of the stream at 
a depth represented by the length of the cord but it is really 
different because of the current pressures on the buoy and coni, 
and the ‘lift’ of the float due to these pressures There is also 
‘instability’ of the lower float, caused chiefly by the eddies nliicli 
rise from the bed Any lateral de%iation of the lower float adds 
to the lift, but otherwise is not of consequence, except near the 
banks The resultant effect of all the faults is a distortion of the 
aelocity curves obtained When the maximum >elocitj is at 
the surface (Fig 112, p IGC) the buoy and cord accelerate 
tbe lower float, and the lift brings it into a part of the stream 
where the velocity exceeds that at the assumed depth lienee 
the iclocity obtained is always too great and the ‘obscnation 
cun c ’ M hich IS shov n dotted, lies outside the true cur> c ben 

the maximum i clocity is below the surface the cun e is distorted 
as in Iig 113 
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A double float is best suited to a slou current The higher the 
\ clocity of the stream the greater the differences among the a eloci 
tics at different levels and the greater the lift of the lover float 
the greater also the strength of the eddies and the instabihCj 

The defects of the double float cannot be remoi cd, but they can 
be much reduced by attention to the design In order tint the 
loner float maj be as free as possible from instability, its shape 
should be such as to afford little hold to upward eddies In order 
that It may be little affected by the current pressures on the buoy 
and cord, it should afford a good hold to the horizontal current 
It should therefore consist of vertical phtes say of two cutting 
cacli other at light angles, onth smooth surfaces, and lover edges 
sharpened The upper edges should not be sharpened Any 
dovnvard current ivill then act as a corrccti\c to instabilit\ If 
the float tilts much its efficiency is reduced hut tilting cm ho 
proaented by aaoidiog a high ratio of arjcith to height, and by 
mahing the upper and lower parts rcspcctn eh of light and heaiy 
materials say vood and lead If the tbichncss of the plates :» 
uniform the resistance to tilting is a ma\innim vhen the heights 
of the lieaay and light portions arc inacrsch as the square roots 
of the specific graaities of the material It is an inijiroaerncnt to 
remoae the central portions of the phtes and to substitute foi 
them a liollov aertical cylinder, in the middle of vhich tho cord 
IS attached by a sinacl This cau«cs the pull of tlio cord, howeacr 
the float reaches on its \ertical a\is, to be applied at the point 
where tho aaerage horizontal current jnessuro acts Iho cord 
should be of the finest virc, and the buo\ of liqlit materni 'lay 
hollov metal smooth and spindle shaped tlio coni 1 cinq attached 
tovards one end so as to make the float point in tho direction of 
tho resistance 

Gncn the > clocity of the stream tho force tending to ennse 
instabihta of the lover float depends on its superficial an i Its 
stability depends on tho ratio of its wciqht to its <;u])crr tnl area 
that is on the thickness of the phtes 1 or dl floats of the suiic 
shape and materials there is a certain thicknc's of jihtc vhich is 
tho least consistent vith stal diu, and a flovt should 1 c coinpo* <1 
of phtes of this thicknc'^ in onicr that the lliul no'^ c f tho cor 1 
and ■volume of bnov mai be small Ihis thicknc's cannot Ic 
determined tbcorcticalU, lut is a matter of judgment and 
cvpcricncc Of am two sitmhrdoullc flo.\t«! that vhich Ins lie 
hrger lover float js the more iflicienl If the direct arcaa of tho 
lover lloils art as 1 and 1, their tuijits and the sulmtrgil 
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^nlr-r- cf tlir ? n'c * 1 * 4 ‘inc! 1. HiU the thrcct areas of the 
I :nr*, if t!inr fhap'-* are nnilar, are as 4^ and 1 or nearly as 
J *» an 1 1. The lhichnr‘*»'s and direct areas of the cords are also 
ihen-ciinlh as 2 and 1 In J*oth ca«rs the larpcr instnimcnt has 
ircatlr the ads anta^e, and pncticallr, if the lower float is small, 
It IS phssicalU tnj*o»*ine to make the con! thin enough The 
dincn« nn« arc limiie 1 hr the ron«iderations set forth ahosc The 
h"pcr the si ream the grrairr thea»lni*»il le sre of float 
The follosnng Jtatrnrnt show* that the double floats which 
hare l*e''n a'-liiallr tife<l in important expenments Insc been of 
had<1c*i:ri — 
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It 15 obsioiis that srhen the loner float was near the bed — or 
supposed to be near it — the obscrscsl aclocitics must, owing to the 
aer}’ great relalisc current-actions on the cord, and probably also 
to instability, base l>ccn so much in excess of the truth as to 
render them mere approximations, the general aalue> found for 
bed aelocUics being perhaps about halfwa\ between the real bed 
aclocity and the mean selocitj from the surface to the bed The 
a ertical s elocity curs cs obtained with the abo\ e instruments often 
show marked peculiarities in form, the a elocity sometimes seeming 
to remain constant or esen increase as the bed is approached 

In the ‘ tv» 111 float the submcrgcil part of the buoy or ‘ upper float isofthe 
same size, shape, and roughness as the lower float, and the velocitj of the 
instmment is assumed to bo a mean between the stream aelocities at the 
surface and at the lead of tho lower float The surface aelocity is obserred 
separately and eliminated Tins can«es a IJitional trouble Tho best form 
and size for the lower float are 8rriae»l at in tho same manner as in the 
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ordinary double float The difficnltiea arising from tilting and instability 
can be overcome by making the loiverfli^t heavy and the upper one light 
The current pressure on the cord is less than with the ordinary double float, 
but Its inclination greater The instrument has been i ery little used 

Cunningham has proposed a triple float for measuring the mean 
velocity on a \ ertical when the depth is too great for rod floats, or 
the bed too uneven It has a small buoy and tii o large submerged 
floats at depths of 21 and 79 respectitel} of the full depth, the 
upper of the two being light and the lower heavy The instru 
ment is supposed to gite the mean of the velocities at these two 
depths, and this is nearly equal to the mean on the whole 
vertical The figures 21 and 79 were arrued at theoreticall} 
by Cunningham, and the_> are tho best for general use, the depth 
of the line of maximum velocity being supposed to be unknown 
It would be preferable to nso a multiple float with seieral eqtii 
distant submerged floats, the lower ones hea^} and tho upper 
ones light, the distance of tho lowest from the bed and of the 
highest from tho surface being half the distance between two 
adjoining floats All these floats arc best suited to slow currents 

10 Rod floats — A rod float is a cylinder or prism ballasted so 
that in still water it floats upright In flowing water it tilts 
because of the differences m tho >elocitics of tho stream 
using a rod reaching near!) to tho bed tho mean 'leloeitj on the 
^ ertical is obtained Owing to the irregular rao>cments of the 
w ater the rod does not mo\ c steadily Both Us submcrgid length 
and tilt ^a^J The clearance below the bottom of the rod must 
be sufficient to prcicnt tho bed being touched Tlio great adian 
tago of a rod as compared anth a multiple float is that there is no 
uncertainty as regards lift ntid instabiUtj 

Rods are usually made of wood or tin and weighted with lead 
A w ooden rod is liable to alter m avciglit from absorption of w iter, 
and it maj then become too deeply submcigcd or sink A cip 
containing shot fitted to the low cr end of tho rod gn cs a readj 
means of adjustment In a rapid stream a wooden rod mai Iiaic 
an cxccs'ii'c tilt, and a tin rod is better It is lighter and can 
carr more ballast. It is, Jjoweacr, liable to damage and to 
spring a leak A ro<l niaj sometimes sink, owing to Us ground 
mg and being turned o>cr la tho current In a rapid stream 
a wooden rod ma} bo turncil oicr c\cn wubout j,rounding 
Wooden rods can bo more tasdj made s.juaro tlian < f other 
■sections In anj case the section and de_rt<, of roii^fuie^s nni«t 
be uniform tlirougliout 
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For a rod 1 foot long, 1 inch, and for one 10 feet long, 2^ 
inches are suitable dnmeters Hods arc often made up in sets, the 
lengths increasing by half feet, or for small depths by quarter feet, 
but this docs not gn c sufficient c^ctitudc, and it often leads to the 
use of rods much too short Owing to the unevenness of the bed 
a rod of the proper theoretical length is usually too long, and 
the nett length is perhaps 10 or 15 per cent shorter A set of 
short adjusting pieces to screw on to the tops of the rods should 
be pro\idcd Hods for use m very deep water arc sometimes 
made m lengths serened together It is convenient to have rods 
dmded into feet, beginning from the bottom If the tilt is like!} 
to be great, allowance can be made for it in selecting the length 
to he used 

It has been said that a rod, owing to its not reaching donn to 
the slon est part of the stream, must move n ith a a clocit} greater 
than the mean on the avholc acrtical Cunningham has attempted 
to shon theoretically that the length of a rod must bo 015, 927, or 
950 of the full depth of avatcr according as the point of maximum 
lelocit} 13 at the surface, at one third depth, or at half depth 
The proof rests on the assumption that tlic a crtical velocity curve 
IS a parabola It has been slioaan (ebap vi art 9) that it is not 
a parabola, and that the aelocitj probably decreases aery rapidl) 
close to the bed, and for this last reason it is probaWo that a ro<I 
reaching close to the bed aaould move too slowly 'llio proper 
length of rod cannot bo calculated tlicorelicill} in the iircscnl 
state of knoavlcdge 

A largo number of experiments aaith roil floats wire iiiado b\ 
Francis The discharges obtained bj rods in a niasomj fliiiiit of 
rectangular section aaith a depth of aaaltr of (i fttt to 10 foil 
aaero compared aaith the dischargea obluntd from a aaur in a 
thin avail, and the folloaaiiig formula aans dcdiirnl 

F=r,(i oij-i 

avhen r"i8 the mean acfofily on tfin aarlirnf, f*, tfn r«v/ arf « 
tf the length of the ro<l, and P llm aleptli of lloslrraio \i<"td 
mg to this formula the lorrrct h iq th • f rod p * ll nl f mil/, 
maa lie equal, is QJl/ ami tin rrinrs dii »o »l oMiiv** i ( i* 1 m 
asfolloaas — 

^0 H', K) in I'l in "/ !“ " 

= 901 you u;-. imi » ' " ' 
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Tho discharges obtained by the weir arc belieied to be very 
nearly correct, and the acceptance of the abo-\e figures is recom 
mended Accepting them, the proper length of a rod is 99 of 
the full depth, and if the length is onl} 93 of the full depth the 
■velocity found is 2 per cent in excess In earthen channels a 
rod of the proper length can hardly ever bo used, but allowance 
can be made for its shortness 


Section IY — Curpent vieteps 

11 General Description — The current meter consists of a 
screw, resembling that of a ship, and mechanism for recording 
the number of its revolutions^ Prcqucntl} this mechani-'m is on 
the same frame as the screw, and by means of a cord it can be put 
in and out of gear The reading having been noted tho meter is 
placed m tho water, the recording apparatus brought into geai, 
and, after a measured time, put out of gear and a fresh reading 
tahen Ihc dilTercncc in the readings gives the number of revohi 
tioiis and this div idcd bj the time giv cs the number of rev olutioiis 
por second This again, b} the application of a suitable co-cflicicnt 
determined when tlio instrument is rated, can be converted into 
thovclocitj of the stream The co-cfllcicnt depends on the ‘slip 
of the screw, and vaiics for each instrument and each v elocitj 
With many meters the iccordmg apparatus is ibovo w iter, and 
there is electric commimicition between it and tbo screw Tlic 
meter can then be allowed to run for an indefinite time without 
laising to read For each meter there is a minimum velocit) 

1 clow which the screw ceases to rev olv c This ma^ Ic as low as 
SIX feet per minute, but is generally nuteli higher 

Sometimes a current-meter is carnetl on a vertical pivot and 
provided with a vane The irregiilinty of tbo cmront canoes the 
instrument to swing about, and so to register tho total ind not tl i- 
‘forward' velocity Itisbettci to keep the instrument fixed witli 
tho a'Tis parallel to that of the stream, hit if the a\is swings 
through a total angle of 20 — 10 either v\a) — U l velocity rc^is 
tered IS onl} 75 per cent m excess of the forward velotitj, ami if 
tho total angle is 10*, 1 per cent m cxccsS 

A current meter maj 1 c used m a r-m dl stre im from d < ^ 
or from a bridge but ^ciicrallj it is u^cil from a loit fhis has 
already been rcfcried to (art 1) Ihc rod or chain to which 
tin neter is attached ^!lould be ^nduatcl If a pkIisii'CiI it 
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ma} be sharpened or rounded on its upstream lace, the down 
stream face being flat, and resting against a portion of the platform 
fixed at right angles to the centre line of the boat The rod can 
be pronded with a collar, nhich can be clamped on to it in such a 
position, that when it rests on the platform the meter is at the 
depth required In 'water 53 feet deep Kevy attached the 
meter to a horizontal iron bar, arbich was lowered by ropes 
fastened to its ends, and was kept in position bv diagonal ropes 
In shallow water an iron rod is sometimes fixed, on which the 
meter slides up and down, but this causes delaj 

In some experiments the time in quarter seconds, position of 
the meter, and number of revolutions of the screw haie been 
automatically recorded oil a band driien by clockwork ^\ith a 
meter Iming electric communication with the bank a wire rope 
has been stretched across a wide stream, the meter earned on a 
frame slung from the rope and the discharge of the stream thus 
observed In other cases the obseners traael in a cage slung 
from a ware rope It is quite usual to baic seieral meters work 
ing simultaneous!) at difTcrent depths In integration it is not 
necesnry for the descending and ascending i clocitics to bo equal, 
and two or three up and down moicracnts roaj be made without 
raising to read It is a common practice, after taking an obsena 
tion lasting a few minutes, to check it by a shorter one To 
facilitate the computation of the meter aclocitj the tunes mai be 
whole numbers of hundreds of seconds A stojvwatch may I c 
started and stopped by the same moacment which puts the instru 
uient in and out of gear 

The rate of a current meter u liable, at first, to increase slij^htl) 
owing to the bearings working smoother bj use It should bt 
allowed to run for some time before I cing rated Oil sboul 1 not 
be used, as it is graduall) remoaed b) the avatcr, and the rale niaa 
then alter Eacry time a meter is U'lcd the screw should be spun 
round bj hand to see that it is working smoothl) A ^entli. 
breeze s ould keep it rcaolaing A second instrument shoul I be 
kept at hand for comparison Occasionalla a short tc t of tic 
nting should be made If tests midc at two or three aelocitics 
all show small or proportion ite changes of one kind similar e« rn 
lions may Ik* applied to other aclocitic*' lut if the changta arc 
great or irregular the instrument should 1 c rated afu'h 

The speed of a current meter is Italic to bcaffcctid l\ weed 

liaaes, etc. betommg entangled in tht workini: part« If am an 
found when the instrumciil is read the ob'craatioman In rtjcitctl 
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]jut some may become entangled and detached agam avithout being 
seen The effect must he to reduce theaclocity, and any abnor 
mally low result may be rejected The rate of the instrument is 
also liable to be affected by silt and grit getting into the worhing 
parts and increasing the friction The onlj rubbing surface nhich 
has a high i elocity is the axis of the scren , and this is prohabl) 
the part chiefly affected In using a current-mctcr of the kind 
illustrated (Fig 144) it was found on one occasion that it rapicHj 
became stiff The meter having been cleaned, the screw ran ficel^ 
again, but again became stiff The stream m as six feet deep and 



Ind a \clotitj of about scm.ii fttb per second llu vitcrcon 
tamed silt and probabb fine sand, which gradndU uiciciscd the 
friction The clo^giiu; w as most r ijiid in obsen atiuns 1 oluw mid 
dcjith and it is probable that Ihcic w is moic sand in that jiait of 
the strcim 

12 Varieties of Cllr^en^meters — Ihcic iro probalh twenty 
km 1 -. of current met r 1-acli 1 ind has its ow n spccnl nd\ ant s 
or di»ads anta<;cs 1 14 11 1 sUou» amctcrsabl b\ rihott Brothers 
I ondon The instrument i- attached 1} the chminng fcrew to a 
rod y! B\ pnllmg the tonl 7> the wheel J is geared with the 
screw A ^ me Fean if dcsirwl Ic attached A meter 
bimilir to the ahoao i-» made in the Canal workshops at boorkce, 



liU'i.VMir oisrL\ \Tlovs 275 

Infill, It i< jinotc-tl on the tul>c which rimes the ecrc^^ for 
cUnpinc It to the rod 

In Ilf' ' s ft.mnl mftrr fiirtinn i« mlnrrtl 1 \ a holl iw 1)0'^ < n the axle 
« f tl e »crew f f »iith ft that the ai eight of the "hole I < c<jinl to that of 
the X itcrfli'jl'fx 1 Tlif re-oolmgmrchatiHm ii rneIci«M In n I>ox co'cn-d 
I ' a gla** I ’ale, f I 111 « iih dear natcr, nn*! communicating I \ n ^mall 1 tie 
wilh the r in the »Irram, to that the gla« ma} ti >l Ire I mken 1 > the 
I rt»«nrr at pml tlrj ih« A 1 ri/ mti! aane |a a Ilnl tm Icr the f rew, to 
that U tnav |T\ he frrflv while the meter rc»t» on the Ircd 

Moore* ctirrent meter cm i«t» of a 1 ri«i calm ler, lOJ inchc* long, pro 
M leil with » rew 1 la le» In fn nt of tl e (jiimler i< an oil'll liead "Indi 
i» fi\e.l to the frame Tlio cjlin ler, afhich i* water tight, rraoh t*, ami the 
rea licg ai jurat ua la ln*i Ic it, the r> a Img Imng « 1 •cranl through a jwnc of 
gltea. Tire inatrument M IiBHg fn m A coni orcfiaifi 7hts render* *t rajier 
to manij jlate To j recent ita 1- ing f reel far out t f j»rK|{ion, a a» eight Is 
*a*pen Icl 1 1 the frame, an I it *li >til I l-e anflieirnt t” preaent the initrument 
Imng 1 miromril) di'j lar«’l I j the tightening of the gearii g ct nl The 
inilruriciit ! aa horir nlal an 1 aerti al aaaca ami can awing m ana diriction 

In Ihrhrler 9 currctii me ter then is ch'ctrii tdiiiuclioii hctt'ccn 
the worm wheel dn'cn l*\ tin f»nw and n l-'X alniac water At 
cacrj Imndn'il rea oliit tons of the fcrcw the wonii wheel mikes an 
cleclncil conlut, ind in clci tn» mi^'iict m tlu 1>o\ expoacs and 
withdrawB a coloiind <li«c 'Ihc incur ulidcs on i fixed woodtn 
rod A tuhe lung nlon" (he rod carnc-* the cUctnc wires, itid 
senes to adjust the meter on the rod Inoncianctt the axle 
of the screw carries an eocentne which makes an electric contact 
esen resolution, ind thus uiahlcs indiatdiiil resolutions to be 
noted 

Fig in shows a current nictar sold bs lIufT ind Berger, 
Boston, t S A The object of the liand encircling the screw is 
to protect the bladca from accidciUil changes of form, w Inch svould 
cause a change in the nte of the instrument A I ir unclcrneith 
the screw and a stout wire running round at n short distance 
outside it affords ailditional protection, and enables the instrument 
to bo ij'ed do e to the bed or side of a chinnel There arc two 
end bearings and a sers light scresr and n\lc, and the screw 
rcsolscs with oni fourth of the aclocits required to turn a similar 
one with the usual slocsc bearing The friction is so small that 
the rate is not altered bs silt or grit The meter is fixed to a 
brass tube, which has a line along it to show the direction of the 
axis when the meter cannot be seen The meter is sold with the 
recording apparatus either on the frame or wnth electric con 
nection, as in the figure Stearns used a meter of this type, and 
prouded with two screw a, cither of which could be used One 
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had eight \anc3 and the other ten In the latter half the vanes 
had one pitch and the other half a different pitch The eight- 
aano screw began to mo^o nilh a velocity of 104, and the 
ten a ane screw n ith a ^ clocity of 094, feet per second 

One kind of current meter has no regti! ir recording apparatus, 
but simpl) adcMce for making and breaking circuit and a sounder 
The rc\ olutions arc counted by tho clicks A ciirrcntrmcter made 
by \on Wagner ga\o its indications by sound, but tho counting 
was effected by an arrangement like the seconds hand of a watch 
At each stroke, or with high aelocitics at ciery fourth stroke, the 
obsener pressed a button which caused the hand to move one 
division 

13 Bating of Current meters — ^The usual method of rating is to 
moio the instrument through still water with a uniform aelocitj, 
and to repeat the process with other velocities covering a wide 
range The instrument may bo held at tho boir of a boat, or 
attached to a car running on rails, or on a suspended wire In 
COSO tho water should not be quite still tho runs should be taken 
alternately in reverse directions 
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When rating a meter the length of run being a fixed quantity, 
it 13 onlj neccssarj to record for each ob=er\ation the time 
occupied and the difference of the meter readings After several 
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lii'l ci^ht ranc^ and the other ten In the litter half the lanci 
ha<l one pitch an'l the other hiU a different pitch. The ei^’ht- 
lane fcrcir begin to moie viih a rclocity of ’lOI, and tlic 
ten 1 me fcrcir with .a Telocity of O'*!, feet per necond. 

One kind of cnrrcnl-nieter Im no rc^iitir reconlitig appiratu«, 
hut rimplradcTiec for miking and hrtikingcimiit and n«oundcr 
The rei olulion^ arc counted 1>\ the clicki A current meter mule 
hy ion Wagner pile iti mdieitioni !iy lonml, but the counting 
irai effectc*! l»r an arrangement like the seconds band of a witch 
At each Btroke, or with high lolocitics at cicry fourth stroke, the 
ol)«cricr prc**cd a button which ciii«cd the hind to moic one 
duision 

13 Ealing of Cnrrcttt-tactcn^ — The iwuil method of ntingii to 
moic the instrument through still inter luth a uniform iclociti, 
and to rcpeit the proce«i with other iclocuics coicring a wide 
range The jn»lrumcnt may W held at the bow of a boit, or 
attachcil to a car running on nil«, or on a 8U«pcinlcd wire In 
c.a‘e the water shoubl not l^c quite still the runs should l>t taken 
alternately in rcur«c tlireeuons 
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^^Ticn rating a meter, the length of run being a fiTcd quantity. 
It IS only necessary to record for each obseriation the time 
occupied and the difference of the meter readings After sci erjl 
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Both equations give cu^^e5 of the aame general form, and becoming practically 
straight lines at high \elocitiea They can neser agree evactlywith curves 
having a sag and as the constants cannot be arrived at until some 
experimental co efficients have been found the equations are not of much 
practical value 


It his been shown by Stearns* tint rating by ordinary towing 
through still water is not perfect In a flowing stream the 
velocity and direction of the water constantly tarj, but m rating 
this IS not so Stearns shows theoretically that the screw turns 
more rapidlj when the velocity vanes than when it is constant, 
that in ordinary screw probably turns more rapidly when the 
current strikes at an angle than when it is panllcl to the axis, 
but that with his meter (Fig 145) tbe oand and pirts of the 
frame intercept portions of the oblique currents, and so ciusc a 
decrease in the number of revolutions, the net result depending 
chiefly on the design of the instrument He also moved the 
meter with mean v elocitics ranging up to 3 7 feet per second 
through still water, first with an irregularly varying velocity and 
then with its axis inclined to the direction of motion Ho found 
that inclining the axis 8* and 11 * had no appreciable efi'ect but 
that inclinations of 24* and 41* decreased the number of revolu 
tions about 9 per cent ,* and that with irregular velocities 
the number of revolutions was increased, the increase varying 
from zero to ') per cent, being generally greater for low veloci 
ties, and in one case reaching 13 per cent wh6n the mean velocitj 
was only 85 feet per second This v clocity w as not a v erj low 
one when compared with that for which the screw ceased to 

revolve 

By measuring with the same current meter the discharges in a 
masonry conduit, the depths varying from 1 5 to 4 5 feet, and the 
velocities from 1 7 to 2 9 feet per second, and comparing the 
results with others known to be practicalij correct, Stearns found 
that, with point measurement, the discharge given by the meter 
observations was practically correct, both m the ordinary con Uion 
of tbe stream and when the water was artificially distur e , an( 
that with integration the discharge was correct when the rate 
of integration was 5 per cent of the velocity of the stream, u 
too small by 9 percent when the rate was 5b percent of ine 
velocity In the above experiments both the cig t a e 
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Other evpenrnents hive shown that ii clinationv of -o * 
adecrea'c mthc number of rovolutionsof J> lo and’dicrceu 
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and ten bladed screws ^rere used, the resuJts being gencralh 
similar 

It seems clear that, ivith the instrument used, the increase m 
the velocity due to the vanations in the velocity of the stream 
was counter balanced by the decrease due to oblique currents, and 
that the instrument gaii e correct results with point measurements 
eien when the water was disturbed, but mth an instrument of 
different design, and especially one without a band, it seems 
probable that the results obtained by point measurement err in 
excess, that no additional error is introduced by a moderate 
inclination of the axis, or by slow integration, but that rapid 
integration causes error These, howe\ er, arc only probabilities 
The real lesson to bo derived from Stearns's investigations is 
that rating effected b} steady motion in still ivater may be 
erroneous uben applied to running streams, especially iwth rapid 
integration, and that additional tests should be adopted To 
mo\o a meter obliquely or with an irregular \elocity would bo 
troublesome, and would not produce the conditions existing m 
streams It is best to place the meter in a running stream just 
below the surface, and to find the aclocity by floats submerged to 
the same depth as the screw blades If a suflicient range of 
■velocities cannot bo obtained the meter can bo moved upstream 
or downstream with a known velocity. This plan can bo combined 
with ordinary rating The instrument can also be mo\ ccl through 
still water while giving it a movement as in integration A com 
parison of discharges obtained by the meter, with results known 
to be correct, afibrds a further test An immense saving of labour 
IS obviously effected by rating a number of meters together 
When it is necessary to rely on ordinary rating rapid Integra 
tion should bo avoided The error, if any, will probably bo less 
as the velocity is higher For onlmary velocities the relative 
error is probably nearly constant, so that tho results will bo 
consistent with one another, and sometimes that is all that is 
required 


Sectiov V — Pressurf Isstiiumfnts 
14 Pitots Tube — This mstnimcnt usuall) consists of tro 
vertical glass tubes open at the ends placed side b} side, one tiio 
‘pressure tube,’ straij,lit, and one the ‘ impact tube,' vv ith its lower 
end bent at right angles and pointing upstream The water 
level in the pressure tube is ncarlv the same as that of the stream 



inrrAtiic orsrr^ATios’; 


in which ihe initnimcnl is iininer*c<T, Iml that in the impact tube 
i« higher by a quant itr which is equal to A' n>cing the velocity 

of the stream .at the end of the and A' a co-efTiciciit whose 
value has to ?>c found hi erpenment 

The chief objections to this instrument were originally the 
fluctuation of the water level m the tube*, owing to the irregu 
larita of the velocity, anil the dif*icullr in ob<craing the height of 
a small c<dunn a era clo«e to the water surface Darcy in his 
gauge lul>e rcsJuces the fluctuations by making the diameter of 
the onficc only 1 5 milUnctrcs, that of the tulns being one ccnti 
metre The hnnrontal part of the tube tapers towards the point, 
and this minimucs interference with the stream The difiicult) 
in rcailing is surmounted by means of a cock near the lower end 
of the instrument, which can be clo*c<l bv pulling a cortl The 
instrument can then }>c raj«e«l and the reading taken To gne 
strength and to carrr t(ic cock, the lower parts of the tubea arc 
of copper and arc in one piece her ob«craations at small depths 
the heads of the water-columns arc in the copj>cr portion of the 
m«trumcnt, where thc\ cannot l*e seen To get os cr this difficulty 
the tops of the tu1>cs arc conncctc<l b\ a I rvss fixing and a stop- 
cock to a flexible lulw terminating in a mouthpiece B; sucking 
the mouthpiece the air pressure in the tubes is reduced, and both 
columns ri«c by the amount duo to the difftrenco between the 
atraoiphcnc pressure anil that in the tubes, but the difTerenco in 
the lea els of the tu o columns js unaltered The upper cock being 
closed and the mouthpiece rclea6c«l, the reading can bo taken 
For reading the instrument a bra«s scale with \erniers is fixed 
alongside the tidies The instrument is attached to a lertrcal rod, 
to which It can be clamped at any height, and it can be turned in 
a horizontal plane, so th it the honzont il p.irt of the impact tube 
points upstream To get nd of the effect of the fluctuations in the 
tube 8c\cral readings, saj three maximum and three minimum, 
c.in l>c taken in succession The co-cfficicnt K is nearly equal 
to unity, and it docs not aarj appreciablj, if at all, with the 
aclocitj 

The Pitot tube has been itnproacd bj interposing a flexible hose 
betaveen the nozzles and the gauge The rod carrying the nozzles 
IS thus more band} and the fluctuations of the water-column can 
1 e avatchcil 

In the Detroit pipe experiments mentioned in chapter a (art 
4) aanoiis deaclopments of tho Pitot tube were used The 
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tubes ^rero inserted in the pipes through stuffing boxes >\ithout 
interfering uith the flow The diameters of the onfices both 
impact and pressure were usually inch The tubes Mere 
connected by rubber hose 10 feet long to a differential gauge 
(art 7), where the readings were taken A\hen the impict tube 
uas made to point at an angle with the axis of the stream tlio 
reading decreased When the angle Mas a little over •}5“ negatn o 
readings occurred up to an angle of 1S0“, the greatest negatno 
reading being for an an^Ie of 90“ In one kind of tube the prcssui o 
orifices, instead of opening into the stream, opened into a ring 
or annular space outside the pipe and connected Mith the pipe 1 } 
four holes ^^jj- inch in diameter, but this Mas not adopted to an} 
considerable extent for use in the experiments 

The Pitot tube is Mell adapted for observations in depths 
ranging up to 5 or 6 feet It has the great advantage of 
requiring no time observations It has never been used in largo 
bodies of Mater, but there does not seem to bo an} reason mIi} 
it should not be, if suitably constructed and strengthened It 
Mould bo exceedingly useful for measuring velocities close to the 
border 

16 Eating of Pitot Tubes — This Mas cfTcctcd by 'Willnms, 
Ilubbcll, and Fenkcll (a) by moving the tubes through still water 
with velocities of C 3 feet to 7 0 feet per second, and (?) b} 
placing them in a 2 inch pipe at various points m a cross section 
and finding F, the mean velocity in the pipe (which varied fiom 
73 foot to 1 G feet per second), by weighing the m atcr disch irgcd 
The average results were as follows — 

(Reference >>» nber of Tubes) Vo S No 0 No o 
Co clFcients from etill water ratings 92C 9o0 ‘'oO 

Co efficients from pipe rating, ''00 SJO 7 0 

DifTerence, OTG 110 UO 

For the still water rating the plotted curve of the co cflicicuts 

of tube No 5 was sinuous (the others being straight), and this Mas 
attributed to a wave effiect Tube No 5 was the 1 limtest and 
^o 3 was the finest, and should have the hiphtst co (.llicient 
The pipo ratings m cro accepted, but it docs not seem to } o jirov cd 
that they would bo correct for oii} pipe or anv vclocit} 'ilic 
ahoio coefficients arc the means lu the individual nlin^ c\ 
pcrmients tlic results dificrtd from the means in still water 1.} 

10 to 17 per cent, and iii the 2 inch pipe b} 2 to 8 j or ctnt 
In Bann’s expenments the di/T rciiccs lu ratw^' in moving w ittr 
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■n-ho'e velocity tvvs know n were ibout 4 per cent "W ith the ring 
form of instrument the co cfTicient differed from that obtained 
wnth the same impact tube when used with the ordinarj pre«sure 
tube The abo\c figures seem to show that still water ratings are 
not at all reliable, and also that there are elements in the case 
that are somewhat doubtful and not thorougbl} understood 
Probablj further experience in ratings will place the instrument 
m a more satisfactory position 

16 Other Pressure Instruments — 

In Perrodila Iljdrodynainometcr & vertical wire came? at its upper end 
a horizontal needle and at its lower end a horizontal arm, to the end of 
which IS fixed a vertical disc The atm is connected with a graduated 
honzontal circle at the level of the needle When the arm points down 
stream the needle points to zero on the circle The needle is tw isted rout 1 
hj han 1 till the arm is forced hy the torsion of the wins to a position at 
right angles to the current The pressure of the water on the disc is 
proportional to the square of its velocity, and it is proportional to ni d 
measured by the angle of torsion of the wire as given by the position of 
the needle The disc oscillates owing to the unsteady motion of tho stream, 
anl tho graduated circle oscillates with it, but the mean reading can le 
taken The instrument has not been much n«c<l but it is said to gnogoc 1 
results and to register velocities as low as half an inch per second It 
interferes somewhat with the free movement of any stream id which it la 
placed 

The Ilydrometric Pendulum consists of a weight suspended from a stung 
The pressure of the current cau<es the string to become inclined to t1 c 
vertical, and the angle of mclmation can be read on a graduated arc 
Except for observations near the surface the current pressure on thestnig 
must aS'cct the reading Brunings Tachoiccter al'o has an arm and disc, 
but the pressure of the water, instead of being measured by the tonion of a 
wire, IS measured by a weight carried on tho arm of a lexer The«e two 
instruments have been little usctl, and it is not known how far their results 
can be relied on 
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Sectiov I — ^Flow froai Orifices 


1 Head umfonnly varyinff — Lot the head over an orifice 
during a time / \ary from if, to //„ and let the clischaigo m this 
time be Q The mean head or cqunalcnt head // is that whicli 
ivouM, jf niaintatncd constant during the time /, gne the dis 
charge <? Let the head It vary uniformly, that is, by equal 
amounts in equal times, as, for instance, m the case of an orifice in 
the side of an open stream, whoso surface is falling or rising at a 
uniform rate In this case where 0 js constint Let 
be the area of the orifice and c the co efiicicnt of discharge, n Inch 
18 supposed constant The discharge in the short time dt under 
the head h is 


dQssca>/ 2gh dtssca J 2gC dl 
The discharge betMCcn the times f, and Y, i% 


<2=*J ca -J2g0 */ 2gO (7 


=5 ca^2gG 




Under i fixed head II 




Equating the two lalucs of Q 


,///. 




(83) 


If //,— 0, tint is, if the head sarics uniformly from /f, to 0 or 
from 0 to //„ 


or the cqm\alcnt hea 1 is — ^ ‘ 


(8D, 


2 Filling or Emptying of Vessels — let water flow from an 



LNsrrvm 


2b5 


orifice jn i pn^m^tic or cxlinilncit vessel whose horizontal 
sectional nrca is .t The di'chargc m time (// is d Q=A dli=ca 

Ah‘\dli 

The time occupied in the fall of the surface from //, to //, is 


'=ri 

J M 


;i-Ua= “f 

crt Ala 


Under a fixed head JF 


Therefore Jir=—!L:2lh— (83) 

This IS useful for caml locXs 

If //,=0, that IS, if the Tc««el is emptied down to the loci of the 
orifice, 




The following arc the ratios of (o certain casea — 


Tor a pntm or cylinder, i 

roraaphere, 4 

For a hemisphere concare downward* f 

For a hcmi<p1iere concave upwards 

For a cone with apex downwards, 4 

For a cone with apex upwards, tV 

For a wedge with point downwards i 

For a wedge with point upwards, J 

For a %cs«el whose vertical section is a parabola with 
vertex downwards — 

When all v ertical sections arc the same f 

( Paraboloid of revolution} 

hen the horizontal sections are rectangles S 


(T« o opposite sides of the vessel rectangles and two parabolas) 
In the last case the surface falls at a uniform rate as in the case considered 
mart 1 


In all cases the times occupied in emptj*ing the tesseJs are 
greater than with a constant bead if , in the inv erse ratios of the 
above fractions If a vessel is filled, through an onfice in its 
bottom, from a tank in which the water remains level wath the 
top of the vessel, the ratio of -^//T to A^^x the same vs for filling 
the vessel when inverted Thus fora cj’lindcr, pnsm or sphere 
the time for filling is the same as for emptying 
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If two prismatic ^esse]s communicato bp an orifice, and 21 is 
the difference in the ivatcriciels of the vessels, and A, and 
their horizontal areas the time 'which elapses before the tM o heads 
become equal is 




t= 


(87) 


nd IS the same whicheaer is the disclnigin" ^csscl 
equation may lie used for double locks 


This 


Section ir^pLOw i\ Open Channels 

3 Simple Waves — Jjct ABC (Fi^ 147) represent the surf ico of 
a uniform stream in steady flow, the icach commencmg from a fill 



oacr which is introduced an additional stcadj snppl) y sucli 
that the sin face will eicntinll} 1 e iF A a^a^c is foiincd below 
A, the surface assuming successively the forms GIl, Gil, etc 
The point J[ travels downstream at first with a vtn liigh velocity 
— since the slope Gllcinnot remain steep for aiij but an t\tit mcli 
short time— but its velocity dccicascs as the slope at 11 1 cconic'? 
less The point G n«cs at a continually decreasing rito, I)ccausc in 
equal times the volumes of water represented ly CGJlll, etc 
arc equal Obviously tno velocity of the point Jl is gre iti i ns j 
isguatcr, that i«, it depends on the amount of the. eventual riK 
It must not be supposed that the actual vclocitv cf the stu mi 
cv cn at Its surface or v clociti of * translation,’ is am lhii;„ innimal 
As in other cases of wave motion it is the form of the suffice 
which changes rapidlv 

■\\ hen the surface his risen to > the wave adv ances onh down 
stream and there is formed i reach 1 h, m winch the tiow is 
stcjdy and uniform On considcratun ii will \k seen tint if the 
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clnimel is long enough, the elongation of the ira\e eeases, its 
profile KC becomes fived, and it progresses at th& same rate as the 
meaiMclocit} in the risen stream The motion of such aw a^e 
is uniform, and the mean \elocity of the stream is the same at all 
cross sections The proof gi\cn m chapter ii (art 9) applies to 
'll!} short portion of the wa\e The pressure on the upstream end 
IS greater than on the downstream end, but the surface slope is 
greater than the bed slope, and the equation comes out exactly the 
same, S being the surface slope At different cross sections in the 
waac S’ is greater as H is less, so that is the same eacrywhcrc 
Obviously the wave is convex upwards If at any cross section in 
the VI av c the slope vi ere less than that required by the abov c con 
sidcration, the velocity there vrould be reduced, the upstream 
vratcr would overtake it and increase the slope If the slope at 
anj cross section were too great, the velocitj there would bo in 
creased, and the water would dravraway from that upstream of it 
Thus the wav c is m a condition of stable equilibrium, and alw avs 
tends to recover its form should this be accidentally disturbed 
The curve kC produced to df ami A' gives the profile of the wave, 
supposing the original water surface to have been or the 
channel to have been dry 

Thus the flood wave has two distinct characters according as its 
profile is forming or formed The forming wave rises as well as 
progressesj its v clocity is at first v er> high, and it depends on the 
amount of the rise that is on the height /// The formed wave 
piogrcsses at a uniform rate and its velocity depends onij on that 
of the risen stream, and not on the amount of the rise The 
surface IS in all cases convex upwards Since anv change in the 
form of the wave occurring at either end would 1 e communicated 
to the whole of It, It is probable that, in orthiiirv ca«c« the 
moment of time when the point H commences t move with a 
uniform veloeitv coincides nearly with the moment when the 
p nnt G cc i«cs to n«o or the v' av c becomes formed 

Vt to t) c fun I of llic cur>e AC tl c cast, is ai ui t t> st of ll e *ur 
f Cl curie m varullc steal) flow (chap, tu art 13) He sto]>e at / i« 
SI 1i lis w til i( till iinifortu lion and depth IP give tl e ran e i rl Kiti at tl *- 
vlc] til kl with tl i>o / A 11 US the aorface il j>« ct rre'i>«n ling to am 
tie] th known an 1 tai gciita to tl e cone can drawo I ut tl e clutii -e 
l>etivecn two point* « 1 ere tl e deptl a are gitan Is rot known In a rate <f 
ttei Ij flowj with a ilrawang ilown Kit the surface » oj>e at Z. r uit le 
greater than lithe wave now «n ler censt lerati n l"-cac»e in that caie I 
i* greater than at A imteal cl Uing the lame and altoLecacie 1 ii cca 
linuall) incrcafing an 1 w ork Wii g stored. 
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In the case of a reduced *>teady supply at S (Fig 148) the sur 
face assumes the forms ST, ST, etc , the point T travelling vith a 



decreasing ^ elocity and S falling inth a decreasing i elocitj The 
surface eventually assumes the fixed form VZJf^ the portion VZ 
being in uniform flow, and ^/rtra\cllmg ivith a velocity the same 
as the mean velocity of the fallen stream VZ If the original 
surface is XJY the curve is ZIVY 

Ordinarily the curve of a wave is of great length, and the con 
vexity or concavity slight If the point L is such that the volumes 
KFL and LQC arc equal, the time at which this point m the viavo 
will reach any place, after the wave is formed, is found by divid 
mg the distance of the place from ^ by the velocity of the nsci 
stream 

If the additional supply introduced, or the supply abstracted, 
instead of being steady, is supposed to change gradually as 
would be the case if it were caused by a vave coming down the 
upper reach or by the opening or closing of gates or shutters, the 
•wave below ^ or A does not at its commencement traicl vuth 
such rapidity, and it more quickly assumes its fi'ccd form, unless 
the water is introduced or abstracted too slovily to allov it to 
do so 

The form of a flood wave may bo obscr\ed ly means of a 
number of gauges, but the vrave, except v\hen it is first fo med— 
and cv cn then if the change m the supply is not m itic w ith great 
abruptness — is of great length and Us form or oven the times of 
passage of its downstream end, can be accurately found only ly 
verv exact gauge readings Slight changes m the supply , o» mg 
to rainfall or similar causes, arc suflicicnt to Mtiatc the ol scr^ i 
tions Absorption of " alcr by the channel (.specially m the case 
of a wave travelling down a channel previouslv drv, mav nbo 
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greatly affect tho movement md form of the wave On the 
'Western Jumna Canal in India, with a mean depth of water of 
about 7 feet, and a \clocity of about 3 5 feet per second, a rise or 
fall m tho surface of 25 foot to 55 foot, caused by the manipula 
tion of regulating apparatus, and occupy ing in each case less than 
an hour, v as found to occupy 5 or 6 hours at a point 12 miles 
downstream, and 6 to 7 hours at a point 40 miles doivnstrcam 
Attempts made to obscr\o tho form of tho wave failed owing to 
the causes just mentioned 

4 Complex Cases — If a fall is succeeded by a rise to the 
original level tho fall traacls with aclocity due to the fallen stream, 
but the rise with aclocity due to tho risen stream At first it 
seems as if the rise must oaertakc the fall and fill up the hollow, 
which would result in places a long way down the stream being 
unaffected by the temporary diminution of supply This is 
impossible It would imply that the supply passing such a place 
was the same .as if no temporary diminution had occurred A\ bat 
really happens is that tho con\cx waac, as soon as it overtakes the 
other, begins to rise on it, suffers a decrease of slope, and is 
checked while the front waac rcceiaes an increase of slope and is 
accelerated Tho hollow lengthens and becomes shalloarer, and 
this goes on indefinitely Similarly, if a rise is succeeded bj a 
fall, tho araa o lengthens out indefinitely arhile its height decreases 
At places a long aray donn tho effect of fiuctuations m the supplj 
are slight in amount but long m duration 

Giaen the height of a fiood at A (Fig 147), the full effect of 
the flood anil be felt at any place K only when the height at A is 
maintained for a sufficiently long period If this period is pro 
longed indefinitely the rise at K will not ho increased, e\cept m so 
far as maj be due to tho cessation of absorption by the flooded 
soil, but if the period is shortened the rise at K may bo greatly 
reduced Empirical formulx intended to gia e the height of a 
flood at an} place, in terms of the heights in some reach upstream 
of it, muat include the time as a factor, or, what is probably a 
better plan, must include gauge readings at sei eral places up- 
stream, and not at one place only This plan has been adopted on 
I'anous rit ers, the places selected being generally thoao where 
tributaries enter Sometimes it is sufficient merely to add to- 
gether the different readmes and take a gl^ en proportion 

If the channel is not uniform the form of the wa%e, even if it 
has once become fixed, changes Vt a reduction of slope the 
wa\e assumes a mori, elongated, and, at an increase of elope, a 
T 
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more compact form At in increase of smfaco iMcltlj, supposin^g 
the mean -velocity to be nnaltcrccl the wave is checked because 
additional space has to he filled np At a decrease of width the 
V elocitj of the wav t increases 

When an additional supplj is introduced or abstracted at a 
place where there is not a fall, the water surface upstream is 
beaded up or drawn down, and the form winch it evcntualJj 
assumes may he found bj the methods explained in chapter vii 
(art 13) The volume of water eventually added to the stream 
upstream of the point of change can thus bo found, but the 
time in -which it is added cannot easily he found, because it is 
not known how much of tho supply passes downstream The 
commonest case of the 1 ind is that of tlic tide at the mouth of a 
river ^^hon tlic tide begins to rise the water m the river is 
headed up and its velocity reduced As the rise of the tide 
becomes more rapid tho discharge of the rivei is insufficient to 
keep the channel filled up so as to 1 cep pace with the use of the 
tide the water in the mouth of the river becomes first still and 
level, and then tales a slope away from the sea and flows 
landwards At a place someway inland the w ator surface forms 
a hollow and watei flows m fiom both directions This may 
obviously continue for some t me after tho tide his turned iiid 
high water then occurs later at the inland place than at tho 
mouth of tho river, a fact whieh is sometimes nimecessarily 
ascribed to ‘momentum ’ A sudden and high flood in tho Indus 
once caused a backward flow tip the Cabul River wheic it joins 
tho Indus 

If in a long reach of a river the flood vnterway is reduced (ny 
by embankments winch prevent flood spill, or by tiaming walls 
w Inch cause the channel iiibidc them to silt np) a flood of any kind 
will, an most of that reach, rise Ingher and travel more quid 1\ 
than before Ihe same effect will be produced ])Ut to a less 
decree at places further downstream M hen the rise is followed 
by^a fall the wave will not flatten out to tlie '^amc extent as 
before In the case of a permanent nsc, except lu so far as there 
will have been less absorption than before m tlic flooded irti 
matters will bo as 1 cfore 

5 Remarks —Sometimes a wave motion is fccii in a stream 
when the supply eeems to be quit© uniform Tho cause mav be 
at fiomd abrupt change where air, becoming impnsoncir, escapes 
at interval-. (Cf un tal le tonditioiis «t wvir clnp iv arts 10 
and 13) It is belies cd that in a faHmi,' stream the surface is 
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slightly conme ncross, *m(l in a rising stream con\ex, but the 
cur\ature is extremely small 

The action of an unsteadj stream on its channel is, no doubt, 
subject to the same laws as in a steady stream At the front end 
of a rising aie the relation of VtoDis exceptionally high, and 
scour IS likclj to occur At the adiancing end of a falling ivave 
the reierse is the case, and licncc a falling flood frequently causes 
deposits In discussions on the training of estuaries the idea has 
often been put foni ard as a general law that it is ivrong to dimmish 
the flon of tidal water No doubt it is the tidal water Mhich has 
made the estuary If only the upland iiater flowed through it 
the size uould he far too great for the volume The salt water 
may enter an estuary comparatn el} clear and return to sea silt^ 
laden Blit if training walls are made so as to reduce the aolurac 
of tidal water entering the estuary, the w idth to he kept open is 
also reduced No such sweeping law as that ahoi e stated can he 
upheld The Thames embankments m London contracted the 
channel and to some extent interfered with the tidal flow, but the 
channel was scoured and improied 

If a stream is temporarily obstructed by gates and the water 
headed up the silt deposited, if any, is rcmoied again when the 
gates are opened The same is true of obstruction caused bv the 
rise of tides If a guen aolume of water is aaailable for the 
flushing of a sewer, it can probably bo utilised best bj introducing 
It intermittently, suddenly, and m considerable i olumes at a anous 
points in the course of the sewer, commencing from near the tail 
and proceeding upwards If there arc any falls or gates it is 
clearly best to introduce it just below a fall or below a closed 
gate 

Ordinarily in a rising or falling stream the relatiie iclocities 
at different points in a cross section are normal but where the 
fresh water of a river meets the sea the relations are apt to be 
much disturbed especiall} near the turns of the tide The fresh 
water, being lighter, may nse on the salt water which may haic a 
movement landwards while the fresh a%ater aboic it is moving 
seawards Such a landward current is obiiousl} not the result of 
the surface slope and must be due to momentum and hence 
temporary 
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DYNAillC EFFECT OF FLOAVING WATER 

Section I — General Information 


1 Prelinunary Remarks — Hitherto w e ha\ o been concerned 
almost entirely with questions relating to velocities, discharges 
and water levels In tins chapter will bo considered questions 
relating to the Dynamic Effects of PJoaving Water In all cases 
the effect of friction will be neglected 

By dynamic pressure is meant the pressure produced bj a 
stream of water when its aclocity or its diicction of motion is 
altered This is, of course, entirely different from static pressure 
Let V, A, and Q be the vclocit}, sectional area, and discharge of 
a stream, and IF the m eight of one cubic foot of the liquid The 
volume discharged per second is AF, and its momentum is 

77 " 

TFA — The force which, acting for one second, uill produce oi 

destroy this momentum is F=JFA — Oii this principle the 

pressures dc^eloped inaarious pnctical cases can bo ascertained 
Before proceeding to them it mjII lie comciiicnt to gno t«o 
theorems icgarding currents, though these do not stnttl} fdl 
under the hculuig of this cliaptci, and might haiu been gntti in 
chapter 11 if thej had 1 ecu rcqmn d sooner 

2 Radiating and Circular Currents — Suppose uatcr to Ic 
supplied by the pipe AB (Fij, 149), uid then to flow out radi ilh 
botvecii tvo parallel horizontal snifacci CD and i/, uhosodis 
tanco apart is t{ Of radii 7*„ 7*,, let 7, K tht greater, and At 
the aelocUics be f', F„ and tho pre >urc3 /„ 7’, Since the 
discharges past all acrtical c}Iimlnc»l sictions irc equal thtrefon 


7.,_r, 

L,~r, 


Ala 0 8inccl> Bcrnouillis thoorun the Indroilatic htul 






the «atcr flo«8 ninnrtls and |».is«es aw»\ 1>\ tht pipe the Ian la 
the Mine A ctir> c through the points G, II, K, etc , is knon ii as 
Barlow’s curt c 

In a >c«sol (Fig 100) nhtch, mth its conttnts, is ret oh iiig ibout 
attrticnl OMs null angular tclocit^ a, the 
forces acting on a particle A nho-o tclocU^ 
is u are its weight ic or A C, acting t trticalh , 

and a honzontal tcntnfugal forec tc ” or 

te ^ or AJj The natcrsurfice tvKts i 
0 

form noninl to the n-sultmt ID of 
the ahotc, that is, the ancle DAi is tan * ^ Hence ^ 

Integrating, v=^ A, or the eune L I is a parahoia aper 
at Since 0 = 0/, therefore y=^, or the eletationof anj point 
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abotc E is the bead due to its \clocit\ of resolution The 
theoretical telocitp of efllux from an orifice at or 2. is that 
due to a bead AF or GD 


A similar condition occurs in a mass of water d^l^ en round b} 
radiating piddles In either case theconditioii is termed a ‘forced 
\ortei’ Questions connected with the pressure in a ndiatnig 
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current or in a forced ^orte^c enter, though not to a icrj impor 
tant degree, into the theonc's of certain hydraulic machines In i 
centrifugal pump the pressures in the pump u heel follow the law 
of the radiating current, while those in the whirling chamber out 
side the w heel depend on the law of the forced vorte\ 


Section TI — •Eeaction and larptcT 

3 Eeacfion — -Let a ]ct issue without contraction from an 
orifice A (Fig IDI) in the side of a tanl The force /’causing 
the flow IS the pressure on J) This 
force IS called the reaction of the jet 
It tends to move the tanl in the 

direction AL It is cciinl to JVA—, 

9 

or to 2irAH where II is the head 
due to F If the tatih is supposed 
to move with velocity v m the dircc 
tion AL, the absolute vclocit} of the 
issuing jet IS F—i, hut the quantity 
issuing 18 still AV Hence the 
momentun of the discharge per 

second 13 IF A — 

9 

The principle of reaction has been utilised in driving a ship, 
water being pumped into the ship and <Invcn out again stern 
wards The energy of the water just aftci leaving the shij) is 

-j 

1 ho work done on the ship is 

Tr=jF I (^S) 

n 

The total w oik done on tho w itcr is the sum of tlio abov c nr 

II (- 0 ) 



The cflicicnc} of tho mathinc is tin ratio of (‘''') to (''9) or ^ — 
Tho ncarci i approaches /'the mar r tin. iflannov i-, to I 0 I tit 
the less the actualwork ehm on thi shi{ U ^ =i tlu i n v 
1-5 1 0, but the work done is ml In llu- d? i 1 w iv 2 , 
Ro that the tnicicncv was 

The ptmcipd of n lUion has il > I n ipphrd in <Jrnin„ a 
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‘Reaction Wheel or ‘Barkers Mill' (Fig 152) The preceding 
formul'D and remarks app]^ to this case, v being the \elocity of 
the rotating orifices If AGi& tho head in 
the shaft tho head over tho orifice D is 
JjD, AB being an imaginary water surface 
found by tho principles of article 2 If 
AC~H tho iclocity of efllux at D is 

•J 

4 Impact — When a jet of water (Fig 
153) meets a solid surface which is at rest, 
it spreads out o\cr tho surface There is 
not, strictly speaking, any shock, but there 
IS loss of head owing to abrupt change 
If tho surface is horizontal and a jet strikes 
it Ticrticall}, It spreads out equally m all 
directions In other cases tho amount and 
directions of spreading depend on the 
circumstances In all cases, without cxcep 
tion, tho >elocity of tho jet rchtncly to 
tho surface is tho samo after impact as 
before The flow after impact is along the 
surface which, being smooth, cannot alter the \clocity of the 
water, but only force it to change its direction Tho pressure 
between the fluid and tho surface in any 
direction is equal to tho change of 
momentum in that direction of so much 
fluid as reaches the surface in one second 
Let a At (iig 151) meet a fixed 
piano surface at right angles The 
momentum in the ducction At is wholly 
destroy cd and the pressure on the plane 
V* 

IS }V i — , oi the same as the pressure 

Tifj 153 S 

(reaction) on ] or tw ico the pressure due 
to tho hydrostatic head which products f’ Thus the pressure on 
I)E will balance the pressure due to the head FO avhero i is twice 
FB In the ease shown in Fig 97 (p 135) the two heads arc 
equal In that case the head JIG h is to be produced, the di«char^c 
rising through Gif In the present ca«t the head fG has merely 
to ho maintained 

If tho plane IS moaing with aelocity rm the same direction as 
the jet the discharge meeting the plane per serond h A(V—v) and 






Fio 15" 
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the pressure is jrA^ — ^ The work done on the plant, per 
second IS 7rA^~ The total energy of the water before 


F* 2/F — V 

impact IS U efficiency is— This is i maxi 
mnm when 7^=:3i and the efficienca is then t- 

If for the a me there is substituted a series of a ancs as m the 
ease of a jet directed against a senes of ladial aanes of a large 
avheel the discharge reaching the vanes per second is AJ’''xnd the 
whole pressure is i) Tlie work done per second is 

JFA 7 and the efficiencj is or ^ ^ J- It is a 


maximum w hen t ss-^ and is then ^ 

If the vane is cup-shapcd (Fig 104) «o that the water leaving 
the V me is reversed in direction, the velocity of the water leaving 
the vane has rolativch to the vane a velocity F— t in a backward 



direction and an a1 solute vclocitv t — f-f-i or -t--7 Iho 
chmgc of moinoiitum per second is // \7 — {2r— I'll or 

o;/ nnd the pressure on the cup is doul h tint on 

the phne considered alovc Tlm^vork done on the cup 
njl [{LjZI} t The cfhcicncv is 
when /'=2r, and is then i In tl 
ihc pressure vn the eoUd i*' 
cup ; 


It Is a mixinu**^ 
ntid 1 V 1 ij. 
t diit to » Bi 


inrcT o» ri/ouisr ^\ viri 


J97 


If llicrc t« "v fcnc< of fuj»s the <li*c1nrgc |>cr second rciching 

them .//' the whole pre«Mire is /fV/^ {f*— (2r— f*)5 or 

,,, 171*— -r) _ _ 4/(1*— r)r 

2//./ The cfTicicncv is , , — It is a maximum 

<1 I 


Mhen /*=2r, and is then I 0 

Tlie prccedinq ca«rs ill««tntc the great principle to he adopted 
m the lic'ign of water motors Riich as tiirhincs and Poncelct wheels, 
nameh, that t!ic water shall lease the machines depnred, as far as 
poeeihlc, of Its absolute aelocitj If it has on departure any 
aclocita It eames awas work with it In the last case it had no 


aclociu and the cfiicicnca is 1 0 
Another principle is that the water shall impinge on the sane 
so as to create as little disturkance ns possille — that is, as ncarl} 
as possille tangcnlialh to thcaanc — and thus minimise loss of 
energy ha shock \\ hen the jet strikes tangentially it has no 
tcndcnc) to spread out laterally, hut slides along the sane In 
practice an exact tangential direction is impracticable, but the 
a ancs are proa ided anth rai«cd edges aahich prea ent lateral spread 
and cau«o the aratcr to be deflected cnlirclj in one plane 
A third principle is that all passages for aralcr shall as far as 
possible, be free from ahnipt cliangcs in section or direction, so 
that lo«3 of head from shock shall be aaoidcd 
Let AA (Fig lOG) be a surface or aanc moving m the direction 



no 156 

and with the velocity i, represented by At, and let AT represent 
the direction and aelocity /’’of a jet impinging on the aane Let 
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a be the angle bet^veen the two lines The line vV represents the 
\elocity V of the jet relatively to the^ane at A Let it bo 
assumed that the jet is deviated entirely in planes parallel to the 
figure The jet leaves the vane at A with the velocity V, 
represented by the hne DmvrAv' equal and parallel to 

Ai Then Au represents the absolute velocity of the water 
leav ing the vane Let the angle vA «= 0 and BA i. =/? If the 
quantity of water reaching the vane per second is u, tho original 
and final momenta of the water resolved in a direction parallel 

to Av are cos a and cos 0 The change of momentiini 


or pressure in the direction Av is 


~(F cos 


a— F cos 0) or 


— (F cos a—v-\;-V cos /3) These arc general expressions cover 

ing all cases, and the preceding ones can be derived from them ^ 
IVlien a jet impinges on a plane, as in Fig 157, the issuing 



inch to 1 95 inch in diameter 


velocity of tho jot is tlico 
rctically baton i each 

ing tho pia no th o velocity F 
IS about Jfiqlf Tho outer 
streams at A press on tho 
inner by reason of ccntnfugal 
force, and tho intensity of 
pressure increases tow ards tho 
centre of tho jot It cannot 

in 

exceed tho amount duo to — 

-J 

or If, hccaiiso otherwise the 
direction of flow would lio 
rev ersed Lxpei imcnts made 
by Beresford 2 «ith jets {75 
lling on a bri«s plate •'how 


1 Somo machines which illastmto the prmcipks of ibnatmc pres* iro 
lu%o been referred to above There are jaany mad incs siid, as water 
meter*, modules, rams, presses, pumps, waterwheels anl water pressure 
cn-nnes which though water passes through them Illustrate n > j nnciplo of 
hydraulics, tho questions fnvohed in them dc-ign cnginccMS an 1 

dinamicul 5nfact, the principles insolvcl In the abo>o fornnh rif,ardin;, 
%ancs arc ilynamical. anl arc given lero to hrilgo over a {.vp letween 
wwl tacucc The same ren ark arpliis to p,rfs of ll 

*uccec<ling article 

* Professional 1 apers on Indian 1 ni,incirii g >o cccxxii 
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that It the ftxj« of the jet, the prcMtirc is ^cr> nonrh that 
<fuc to If an f the pretsnrc Iccomc^ iicgligihlo nt A distnnco 
from the ixis equal to al^ til Itt-jcc the diameter of the jet Tho 
procure IS thus di«tnl iilc<l oacr an area of aliont four times that 
of the section of the jet Tlic pressures arcrc measure 1 bj means 
of a vater-column comnmmeatihg arith n small hole iii the plate 
arho'c po»ition coul 1 l*c alienal 

5 llisccUincoas Cases — ^^len trater lions round a lend in 
a channel the d\ namic j rc«?nro produced on tho channel is the 
Ramc as if the channel was a rur'ed \ane At lends iii large 
pipes ancliors are sometimes require*! to liol I the pipe 

tthci n ma»« of w»l<T flowing iti a | pc i« nt ruptly Irought to rest 
by the flo»or« of » g»tc r Tah« tie pre«tire pro<lncc 1 h/ j/y* 

where / i» th^ length f the p pc nlTccte 1 1 j the pul«al on n an I V the 
rnmloK of rla»t c 1) for water an t ( r tl c material of tl o p pe In poun U 
per In h 7* the It eVnrst f tie p pe in Inches r tl oral us of the 

p pe in feet »n 1 r tl c adtrUa of tl e water m feet per second / he ng m 
poun Ii j>cr I |uare incl na er an I alioao tl e static pressure ’ 


Mhen a thm plate (hij. 15‘') is mosed normallj through still 
arater svjih aelocita /, a mass of 
trater in front of the plate is put 
in motion and those portions of it 
^ahlch flow off at tho sides of the 
plate cannot turn sharp roiiml 
and fill up the sp-ico I clund 
tho plate Instead of doing this i o i i 

thej penetrate into the rest of 

tho Water and so commumcato foraaanl rnOinentura to it aahilc 
other portions of still avalcr base to bo set in motion to fill up 
the space behind Thus there is produced a rusistanco which is 
independent of friction or sjscositj Practicallj it is found that 
__ tho resistance IS A ff' 




where A is 1 ’ to 1 8 
the 1 est results giving 
I 3 to 1 6 The resist- 


ance 13 less than that 


caused by the impinging 
on a fixed j lane of a jet 


of the same section as the area of the plate with a aelocitj V 


1/i J roe lui CE 'wl c^xx 
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If for the plate there is substituted a c>Iindcr {F 15 159) Mhosc 
length IS not more than about three diameters, the resistance is 
less than m the case of the plate It is further reduced if the 
downstream end of the cylinder is pointed ^ 

In the aboie cases, if the piano or cylinder is fived and the 
uater moMng, the pressures are the same 
The following statement shows the approximate results of some 
experiments made by Hagen to shoiv the position assumed bj a 
rectangular plane surface ivhen pnoted {Fig ICO) and placed in 
flowing u ater — 

^=10 9 8 ; c 5 4 3 3 

i/t—OO" 74' 59" 46" 2V" 13' 7‘ C 1* 



When % thin sharpened plate or a spindle shaped or ship shaped loiU 
la mo>ed endwajs through still uatcr the re<ist*ince is almost uholly 
frictional and is nearly as P, but if the body is only partlj Buhmerf.t.d 
vaics are produced, and vhen P exceeds a certain limit (which Icirs a 
relation to tlie size of the body) thcxrxio rcsistanco increases and the total 
resistance increases faster tlian I’* If the bodj , though sharp at both ends, 
tapers more rapidly at one end than at the other, it probablj causes hast 
resistance w hen the blunter end is forw ard 
In experiments made Froude by towing lioanh through stdl «-a{cr, it 
was found that the power of the xelocily to xihich tho friction is propor 
tional xanes for diSerent surfaces, being sometimes less than 2 and seme 
times more Also that for long boards / (chap ii art ^l) h much bss 
than for short ones, the reason being that tho forw ard jiart of a long board 
communicates motion to the xrater, and the succeeding | ortion thuscxicn 
cnees less rc‘«istance 


> lor results of some recent experiments on cylinders with square an I 
IwiDted ends sec J/«n J'roc Iiitt CL, yol cxvii 



APPENDIX A 


CiLCCLATlON OP m AND fi 
(Chap n. arts. 5 and S) 


The following u a specimen of the method of calculating — 


m 

(«) ! 

1 (SJ 1 

1 1 

(*1 

i 

! 

(T) 1 

1 1 

(8) 

(9) 

cr 

W«ir 

IIaO. 

it 

(Ob. 

i'+Ufi 

1 

1 

Tty 

l^v^SL 

‘ (O+Mh 

ir-'. 

C L 1 

• 

Uetm 
1 135 

U<tm 

IS 

1 

C02i>S 

4A^ 

loose 

orcc 

e IS 

1 45 

75 

Do 

1 431G 

00519 


10150 

0150 

2 */• 

107 

50 

Do 

4359 

■Oloo 

1 

1 


5*> 

1 55 
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Height 
ot Weir 

Held 

as 

observed 

Three assni led seti of raluis for » and for each U e 
corresponding a slue of « 

(1) 

(2) 

(3) 

(4) 

(6) 

(e) 

Feet 

Feet 


fit 


n 



1 „ 

3 72 

49 

4284 

4250 

] 45 

4270 

S7 

4284 


2 46 

Do 

4316 

Do 

1 67 

Da 

1 SC 

Do 

1 

I 64 

Do 

4359 

Do 

1 52 

Do 

1 37 

Do 

1 14 

1 15 

Do 

4424 

4273 

1 29 

4283 

1 19 

4297 

1 OS 

79 

Do 

4522 

4303 

89 

4313 

SC 

4327 

S4 

Mean 

Di) 



I 36 


1 12 

, so 

3 72 

1 31 

42SC 

4180 

1 28 

4200 

1 09 

42S6 


2 46 

Do 

4430 

4207 

1 42 

4221 

1 SO 

4308 

S3 

1 64 

Do 

45SS 

4245 

I 20 

4 ■>80 

1 IS 

4346 

% 

1 15 

Do 

4794 

4305 

1 04 

4320 

1 02 

4406 

87 

79 

Do 

5034 

4395 

&C 

4410 

85 

4')00 

"o 

Mean 

Do 


1 1 IC 


1 OS 


r: 

S3P 

1 44 

4310 

41C7 

1 32 

4200 

1 02 

4214 

1 

2 46 

Do 

4452 

4178 

1 61 

4233 

I 28 

4275 

1 07 


Do 



lO 

|ir, 


1 04 

3 313 

1 so 

4334 

4100 ; 

1 51 

4)90 1 

98 

4211 

89 


1 Lci glh ofncirrcducc I to3 Sfc<t 

2 L«i of r«<luc«<l to 1 64 feet 


It vnW be noticed that slight changes in m cause great cliangcs 
in Ji Obviously TO cannot nsc to the tallies shoun m column C, 
as it -Hould then equal M for tho highest tieirs If reduced much 
bcloit the ^alue of column 4 it 'would make n verj high TIio 
1 alues of VI and n w Inch seem most suitable arc those of column 5, 
the mean taluc of n being 1 1 




APPENDIX B 

^0T^ nEGAPDiNr VvLur of C i\ VAruriE Flo\n 
(C lnp 11 irts 10 'incl 12) 


It maj lie smd that no proof Ins been giicji that C is the same as 
in uniform flow The case is somewhat analogous to the fourth 
proposition in Euclid s book i Regarding this it has been 
remarked that it would bo sufficient to state that the two triangles 
arc equal because there is no reason whj they should bo different 
Consider a portion of a uniform stream 200 feet long with // =50 
feet, ZJ=5 feet and V=i^ 5 feet per second Now let Jr be 52 
feet at one end and 48 feet at Uie other, so that V, and F arc, 
Tcspoctn cly, 2 4 and 2 G feet per second There is no reason w by 
any appreciable alteration should occur cither in the total loss of 
head from the resistance of the border, or m the aolocit} curses 
of the central section, or the aacrage of the aclocitj cur\es of the 
whole length considered Conscquentl> there is no reason why C 
should bo altered 


APPENDIX C 

^ALl<E OF i\ IN Tiir Ram \t Sidhnai 
(Chap \i art 13) 

Tde river is straight for fiat miles upstream of the discharge site 
and one miie donnstream a reach unique, perhaps, among the 
na ers of the w orld hut its great length can hardlj be the cause of 
the low aalue of A'' The silt is caused b\ a dam a mile below the 
discharge site In floods the dam is rcmoied and the silt then 
scours out Thus the bed is probabh roughest for the greatest 
depths of water In spite of this, A' is a ery much the same for 
all the depths from G feet to 10 feet, and C somewhere about 
200, w hercas Bazin s highest figure ts 152 

S03 







